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ABSTRACT 


This introductory catalogue presents some 25 examples 
of sounds generated by computer, using M. V. Mathews* 

Music V programs. Some of the sounds are instrument-like; 
some are not. The catalogue consists of the combination of 
a tape (or a record) of the sounds, which permits one to 
evaluate them aurally, and of the computer data used for 
the synthesis of the sounds, which affords a thorough 
description of the physical structure of these sounds. 

This is intended as an example to be followed by people 
working in sound synthesis, so that others can benefit from 
their findings and so that an extended repertory of sounds 
can be made available for tone quality studies and for 
computer music. 




An Introductory Catalogue of Computer 
Synthesized Sounds 

by 

J, C. Risset 

Bell Telephone Laboratories 
Murray Hill, New Jersey 


Table of Contents 


Introductory Notes 

References 

Acknowledgment 

Appendix—Catalogue of Sounds 
General C0NVT 

GEN Subroutines: GEN4, GEN5> GEN6, GEN7, GEN8 
#100 ”Flute-like” Melody 

#150 Serial Excerpt with "Clarinet-like Sounds by Nonlinearity 

#200 Brass-like Sounds through Independent Control of Harmonics 

#201 Same as #200 Played at a Different Sampling Rate 

#210 Simplified Brass-like Sounds 

#250 Reedy and Plucked Tones; Choral Effect 

#300 Linear and Exponential Decay Experiments 

#301 "Piano-like" Excerpt 

#400 "Drum" and "Snare-drum" like Sounds 

#410 Percussive Drum-like and Bell-like Sounds 

#411 Similar to #410 

#420 "Gong-like" Sounds 

#430 Three Successive Approximations to a Bell Sound 

#440 Variable Pitched Drums 

#490 Example of Mixing 

#500 Spectral Analysis of a Chord 

#501 Same as #500 with a different Time Envelope 

#502 Mixing from #500 

#503 Mixing from #501 

#510 Siren-like Gllssandi 

#511 Gllssandi, Particularly with Constant Frequency Difference 
Between Voices 
#512 Mixing from #511 
#513 Fragment of Endless Gllssando 

#514 A Sound Going Simultaneously Both Up and Down in Pitch 
#515 Envelope Translation for Octave Components Sounds 
#516 EnveloDe Translation for Harmonic and Inharmonic Components 
^51'^ Mixing' from #510 to #516 

#^50 Ring-modulation Chord with "Gong-like" Resonance 




f 


- 2 - 


Introductory Notes 


This limited "catalogue” presents examples of various types 
of musical sounds generated by computer, using Music V 
programs. A general description of the synthesis process is 
given in referenced); more details on both the process and 
the particular program used can be found in reference(2). 

For each synthe*sis the user of the programs must provide data 
which corresponds to the physical parameters of the desired 
sound. The data used to synthesize a musical excerpt will be 
from now on referred to as the computer "score" for that ex¬ 
cerpt . 

It has long been recognized^3)that in order to take advantage 
of the unlimited resources of computer synthesis of sound, one 
had to develop a body of psychoacoustical knowledge, enabling 
him to specify the physical parameters corresponding to a 
desired type of sound. Experiments with the seemingly well- 
known sounds of some musical instruments(^)have shown that 
such knowledge was still very poor, but that computer synthesis 
of sound was an invaluable tool to remedy this situation. 

This catalogue presents results of computer syntheses for some 
instrument-like and some non-instrument-llke sounds. It con¬ 
sists of the combination of a tape (or a record) of the sounds, 
which permits the evaluation of these sounds aurally, and of 
the corresponding computer scores with some additional explana¬ 
tions, which gives the recipe for synthesis and also affords 
a thorough description of the physical structure of the sounds. 
Thus the reader-listener can relate the physical parameters of 
the sounds and their subjective effect; he is also able to 
resynthesize the sounds by using the same or other programs, 
or any process enabling him to control the necessary physical 
parameters. 

Each example presented is numbered on the tape and on the 
write-up. Together with the score, some explanations are given 
on the purpose of the example, on the design of the instrument, 
and on the stored functions used. Ahead of the examples a 
description and a listing are provided for a C0NVT subroutine 
and some GEN subroutines used in the examples but not described 
in the Music V manual^^). 

It must be emphasized that the sounds are presented as examples 
and by no means as models. In several instances no attempt 
has been made to optimize the synthesis with regard to simplicity 
or efficiency; also most of the instrument-like sounds do not 
attempt a close imitation of real sounds. In our experience, 
examples of certain types of sounds with their description are 
most useful, since this provides a starting point for a 
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systematic exploration of the synthesis of sounds of these 
types: it is then rather straightforward to find and discard 

unimportant features by systematic variations of the parameters. 
For the sounds presented here, the physical parameters have 
been deduced from data on real musical instruments or from the 
results of various synthesis attempts. 

Several of the syntheses presented are not very economical. 
Simple and economical syntheses are in general easy to explore, 
and complexity seems often necessary to generate varied sounds 
with life and musical interest. Yet there exist economical 
and non-trlvial ways to synthesize interesting sounds: for 
instance through the use of unusual frequency modulations, as 
explored by John Chowning at Stanford University; or through 
the use of non-linear transfer of waves or ring-modulation- 
like operations, as exemplified in ^150 and #550 of this 
catalogue. 

Some of the sound examples presented (#490, 502, 503> 512, 517) 
are not directly output from the computer but obtained from 
mixing one or several computer runs. Obviously mixing deprives 
the user of some of the computer's precision and convenience, 
and it requires good electroacoustic equipment. Yet, as 
discussed in #512, it helps the user to control the balance of 
amplitudes of several voices, and it may permit the same 
computer runs to be used repeatedly. 

Listeners are encouraged to listen to the examples at different 
tape speeds or backwards: these easy manipulations correspond 
to simple changes in the physical parameters. 

The numbers of the examples are in general nonconsecutive: 
this is to permit us to insert later new examples at what seems 
the most logical place. Yet it must be noted that no attempt 
has been made to classify the sounds presented in a rigorous 
way. The problems here are formidable, since the dimension¬ 
ality of timbre perception seems quite high. 

This catalogue is only a by-product of some sound explorations, 
but we hope that it will stimulate other people working in 
the field of synthetic sound to do the same kind of presenta¬ 
tion of their work: then one could take advantage of their 
results, and an extended repertory of sounds would gradually 
build up and be made readily available, which could benefit 
studies in tone quality and perhaps other fields of psycho¬ 
acoustics ( 5 )as well as computer music. 
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APPENDIX 




General C0NVT Subroutine 


For several of the runs which follow, a "general C0NVT" 
has been used. It has been designed by P. Ruiz to perforin 
standard conversions without having to change the subroutine. 
One specifies for each instrument (from #1 to §5) which P field 
must undergo which conversion by setting Pass II variables in 
the following way: 

for instrument #1: SV2 0 10 1 ... N^; 

#2: SV2 0 20 .., 


i is the number of note cards fields to be converted. 

If one wants to convert P6 as a frequency (that is, P(6) = 
(Function length/Sampling rate)*P(6)), one sets N^=6. 

If one wants to convert P7 as a duration increment (that 
is, P(7) = (Function length/Sampling rate)/P(6)), one sets 



The conversion to Increments for the ENVelope generator 
is done as follows. One must provide 3 fields, the 1st one 
(e.g., P8) for attack time (in s), the 2nd one (e.g., P9) for 
steady state time, the 3rd one (e.g., PIO) for decay time. 

On the note card P9 is dummy, only attack and decay times need 
to be specified to their actual value. The C0NVT will deter¬ 
mine the steady state time by subtracting P8+P10 from P^ 
(duration of the note)(if the result is negative it will assume 
steady state duration 0(e.g., P9=Function length/4) and 
shorten P8 and PIO so that P8+P10 = P4). It will then apply 


conversion P^j(Function length/4»Sampling rate)/P^jj) 


get p 8, P9, PIO converted this way, one simply sets N2^ = 108. 
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This C0NVT provides also for conversion for the FLT 
(filter) unit generator (not used in the examples). 




o n n o 


rrccNvT general CONVT ^ 

f CONVERT ♦ •♦FREQUENCY •♦♦TIME ♦♦•♦ENV,. P AR AM€TERS^ ♦ ♦ ♦♦ ♦ 

C*****rrp IK'ST 1 SV2 O IC N N1 N2 N3#.. 

c*****rnp iMs^ 2 sv2 0 20 •... 

Mj*'&ER ZF FIELDS TO CONVERT 

• •♦♦•Ml .*J?. ..FIELDS NUMBERS 
**«•*«•>•*•*«*«* 

♦ Tf. CQWT P6 AS A FREQUENCY Nl = 6 

••♦♦♦TP CPN7T P7 AS A TIME INCREMENT N2=~7 

^♦♦♦•♦♦Tn hAV*^ PB pic AS ATTACK STEADY STATE(OUMMY> AND DECAY TIMES 

ENVELOPE N3=1C9 

r*+***TP 'MVF Pll AMO P12 AS CENTER FREQUENCY AND HALF BANDWIDTH IN HZ 
r****.^FnP FTLTlP N4:?n 
^••••♦IF THIS i: ALL N34 

r**«*«*«*«**4c*** 

SUnPOUTINE CPNVT 

CEMMOM ipU 0)*P{100)fG (1000 ) 

IF (C ( T ) . MF.O.O ) R*^TURN 
1^“ ( P( 1 ) .\F . 1 • 0 ) RFTURN 
F'’FQ rS 1 1 . O/r, ( 4 ) 

Tr»5 ( 3 ) 

MPA7rS(lO^T ) 

IFf MPAR .EC-.O) GPin 1 
OOZjrltNPAR 

M r 1 n ♦ I ♦ j 

.MrG( M) 

TF(M.GT.20C)GnTC?40 
TF(M.GT.100) GOTO 30 
• IF(M.LT .C) GFTE 2 0 
^♦♦•♦* **fre^^'JF.\CY******^ 

P (M ) r F R F 0 ♦ P ( M ) 
rrjn? 

r*****TTVC*#*»* 


^>0 Mr-M 

P (M ) rFR»‘(‘ /P (M ) 

(•♦*«* ♦♦r^4VL LC^P‘^E♦♦•♦♦♦ 
ro Mr»>:-100 

PIM^J)rP(a)-P(M)-PCM^?) 

IF (P(M«.n ) 32f 33t 34 
7? f'fM) = (PCM)^Pi4))/CP(M)^P(M4 2)) 
o(M*2)r{^(H^2)*P(4))/(P(M)) 
P(M^?)r(P(M^2)*P«4))/fP(N)4PlM*»2)) 
3’ PCM^nni’i. 
nrT03s 

3 4 n rFRrQ/(4.0*P(M^ 1 ) ) 

3F P(r4? JrFKT0/(4.r*P(M^2) ) 
p ( M) rr R^^Q / ( 4.0*P< M ) ) 

00102 

C******FTLTF ^^♦•♦•♦^ 

un w-^».po^ 


On-(S. ?T 3 7*D C1 ) )/G(4) 
F r(G.0932•P CM ) )/6(4 ) 

PC M) 17.♦EXPC 0)♦cnscF) 
PC^+1iiFXP(2.»D> 

? C^NTTNUP 

1 C^VTiriUF 

RE turn 
FMO 








Some GEN subroutines not described in Music V manual have 
been used in the following examples. Here is given a 
description of these subroutines, together with the listing. 

(A slight change has been performed in Pass III main program 
to extend the computed G0T0 following statement number 3^ 
so that one can provide GEN subroutines GEN6, GEN7, GEN8, 
GEN9.) 

GENl, GEN2 and GEN3 are as in M. V. Mathews^ book. The 
Technology of Computer Music ^ except for a slight difference 
in the definition of functions generated by GENl: in the 
scores given here, the abscissas range from 1 to 512, while 
in the book they range from 0 to 511* 



GEN^I 


GEN4 is a Fortran subroutine to generate a stored function 
as the sum of segments of sinusoids. 

The calling sequence is 

CALL GEN4 

Data is supplied by the PCn), Kn), and IP(n) array: 

C0MM0N I, P/PARM/IP 


GEN4 is written in Fortran and requires a sine function 
SIN(X) which produces the sine of an argument given in radians. 

The function ^j(i) is generated according to the 

relation: 


Fj(i) = (Amplitude Normalizer) x I A^sin 

0 < i <. IP(6)-1 

The Amplitude Normalizer is computed so that max |Fj(i)| = .99999* 


The parameters of the function must be arranged as follows 
in the data statement: 


P(l) P(2) 
Action 

GEN 


P(3) P(4) 

u Function 
No. (J) 


P(5) 

A1 


P(6) P(7) P(8) P(9) P(10) 
FI PI II J1 A2 


P(ll) * 
F2 


A1 is amplitude 

FI is frequency multiplier 

PI is phase (in samples) 

II is starting sample 
J1 is ending sample 
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Example: 

Continuous line function: GEN, 0, 4, 1, 10*, 2, 0, 128, 384; 
^arbitrary 

Broken line function: GEN, 0, 4, 2, 10*, 2, 256**, 128, 384; 

It must be noted that only relative amplitude of components 
is relevant; the function being normalized, the 10(*) could as 
well be 1 or 100. On the other hand, phases are expressed in 
samples (**): 0 corresponds to 0 phase; 128 corresponds to 90° 
or ^ , 256 to 180° or ~ , and 384 to 270° or 

In case harmonic partlals are used, the first and the last 
samples of the function are equal: ” FjClP(6)-l], thus 

the period in samples is IP(6)-1. 

The function is stored starting in I(n) and is scaled 
by IP(15): 

I(n) = IP(15)»Fj(0), etc. where 
n = IP(2)+(J-1)»IP(6) 




n o 


% FORTRAN LSTOU 

CGENM FUNCTION GENERATOR «i 

«««NUSIC 

PIS) AMPLITUDE* PCS) FREQUENCY HULTIPLIER* P(7) PHASE# P<8) STARTI 
C ING SAMPLE# P(9) ENDING SAMPLE 
SUBROUTINE GENtl 

DIMENSION IC 15 000) •?{ 100)#1PI20)•A<7000) 

COMMON I.P/PARM/IP 
EGUIVALENCEd# A) 

SCLFT=IP(15) 

NlrIP(2)4(IFIX(P(*l)l-n*IPr6) 

N2-N1*IP(6)- 1 
00 100 K1=N1»N2 
100 A(K1)=0.0 

FAC:6.283185/CFL0AT(IPC6))-l.0) 

NMAXrK 1) - 4 

DO 103 Lr5tNMAX#5 

P2=P(L] 

P3rP(L-*l) 

P4:P(L*2) 

JP5rPeL^3) 

IPSrJPS^Nl-1 
IPBrlFIXlPCL^MIMNl-l 
DO 105 J=IP5#IP6 
XJ=J-JP5-N1-# 1 
ARG= XJ*P3+PM 

105 A( J)=A<J )*#P2*SINCE AC^ARG) 

103 CONTINUE 

XMAXrO.0000001 
00115 J=N1.N2 

IFCXMAX-ABS f A CJ)))116 • ) 1 5 • 1 1 5 
IIG XMAXrABS CACJ)) 

115 CONTINUE 

00 120 L-Nl•N2 

120 ICL):CAIL)♦SCLFT*.99999 I/XMAX 
113 RETURN 
END 



GEN5 


GEN5 is a Fortran subroutine which simply performs 
various calls in order to skip files or to write an end of 
file on the output tape. 



GEN6 


GEN6 is a Fortran subroutine to generate a stored function 
giving exponential attacks and decays with the ENVelope unit 
generator. 

The calling sequence is 

CALL GEN6 

Data is supplied by the P(n), and IP(n) array: 

C0MM0N I, P/PARM/IP 

GEN6 is written in Fortran and requires both an exponential 
and a base 10 logarithmic function: EXP(X), AL0G(X). 

The parameters of the function are given in the data state- 


ment: 








P(l) 

P(2) 

P(3) 

P(4) 

P(5) 

P(6) 

P(7) 

P(8) 

GEN 

Action 

Time 

6 

Function 
No. (J) 

-log2Al 

A2 

A3 

-log2A4 


The function is computed according to the following figure: 



The 1st 128 samples of the function increase exponentially 
from a value (e.g., 1/2048 If P(5)=ll) to a value P(6). 

They correspond to the attack portion of the envelope generator. 

The following 128 samples of the function interpolate 
linearly between values P(6) and P(7). They correspond to the 
steady state portion of the envelope generator. 
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The following 128 samples of the function decrease exponen¬ 
tially from value P(7) to value 

The last 128 samples of the function are zero. 

The function is scaled so that its maximum value is .99999- 
If P(5) or P(8) are zero or negative, the subroutine will 
give them the default value 2 

If P(6) or P(7) are zero or negative, the subroutine will 
give them the default value .99999- 
Examples: 



GEN 0 6 3; 



354. 5 “/i- 


CGENfi GENG FOR FNVFLOPE 

C ♦♦♦♦♦HUSIC 

CGr^6 FOP FN'VFLOPE WITH EXPONENTIAL ATTACK ANO DECAY 

SU3P0UTTNE GEN6 

DIMENSION I(15000)tPC100)*IPC20) 

OTMcnsXON A(512) 

COMMON T tP/PARM/IP 
SCLFTrlPdS) 

N1=IP(2)^(IFIX(P(4)40.001)-1)*IPC6) 

6 NlUNl-1 
NG=IP(6) 

N2=N6/4 

XN0rN2“l 

N3-N2^N? 

N4=N3^N2 

ARGlrP(5) 

APG2rP(S) 

ARG3rP(7) 

Apr.4-p(g) 

IF(APGl)610fGlOfSll 
SIO Yirid*AL06 C2.)/XN0 
GCT0612 

611 YirAR61*AL06(2.)/XNQ 

612 continue 

IF(ARG2)614»614f615 

614 Y2r.93999 
GCT0616 

615 Y2::ARG2 

616 continue 
IF(APG 3)618.618»6i9 

618 Y3-.99999 
G0Tn620 

619 YT^ARGS 

620 continue 

IF(ARG4)622f622*823 

622 Y4rll.*AL0G(2.)/XNQ 
6010624 

623 Y4=ARC4»AL0G(2. )/XNO 

624 continue 

DO 630 J=lfN2 
XjrJ-N? 

YJTY1*XJ 

A CJ)r.99 999*EXP(YJ)*Y2 
JJrJ^Nll 

630 I(JJ)-A(J)*SCLFT 
F ftCT = (Y3-Y2)/XNO 
NN?rN2> 1 
00 S40 J=NN2tN3 
AJ=J-N2 

A(J)r.99999^(Y2^FACT*AJ) 

JJrJ4N11 

640 I(JJ)zA(J)*SCLFT 
NN?zN 3^1 
00 650 JzNN3tN4 
XJZNN3-J 
YjrY4*XJ 

A(J)=.99999*EXP(YJ)*Y3 
JjrJ^Nil 

650 I(JJ ) ZA {J } *SCLF T 
NN4rVll4>N4 
NNGzNI 14-N6 
P06<^0 JZNN4 fNNG 
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^ € r <y^tX»w<u 


I(JJ)=C 

r MO 
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GEN7 


GEN7 is a Fortran subroutine to generate a stored function 
which can be a rising exponential, a decaying exponential, or a 
bell-shaped curve. 

The calling sequence is 

CALL GEN7 

Data is supplied by the P(n), I(n), and IP(n) array: 

C0MM0N I, P/PARM/IP 

The parameters of the function are given in the data state¬ 
ment : 


P(l) 

GEN 


P(2) 

Action 

Time 


P(3) 

7 


P(^) P(5) 

Function 

Number 


If P(5)>0 GEN7 will compute a function rising exponentially 


from to .99999. Such a 

function used to control frequency 
will cause the pitch to go up 
P(5) octaves (if P(5) is Integer). 







If P(5)<0 GEN7 will compute 
from .99999 to Such a f 

will cause the pitch to 
go down P(5) octaves 
(if P(5) is integer). 

If P(5)=0 GEN7 will compute 
seated on the figure. If the ord 


a function decaying exponentially 
notion used to control frequency 



, bell-shaped function as repre- 
nate scale is in db, the curve 


a- 
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is a portion of a sine wave 
with a D.C. bias. The peak 
ordinate is equal to .99999 
and the end points ordinates 
are equal to .64xio which 



is 84db below. The formula used is 


F(x) = exp[log( . 008 ) (l-cos27r( 


x-256.5- 




n o n o o 


GEN 7 FOR 6LISSAN0I OR EXPONENTIAL DECAYS 


CE6GE r? 


IF p(5)3a positive go up n octaves 

IF P(5)--N GO DOWN N OCTAVES 

constant NUPBER of samples per CCTAVECEXPONENTIAL PROGRESSION) 
IF P(5)rO DRAW SPECIAL SPECTRAL ENVELOPE 
SUBROUTINE GEN7 

OX HE NS ION I< 15000)tPC100)»IP(20)tA(7000) 

COHPON IfP/PARM/IP 
EQUIVALENCE! It A) 

SCLFTzIPClSJ 

NlrIP(2)>(IFIX(P(4))-l)#IP(G) 

N?rM+IP(F)-l 
on 100 KrNl*N2 
ICO A(K)rn.C 

IF(0( 5 )) 200f 300# 250 
C GC CDWN P(5) OCTAVES 

200 XN“ P(5)♦ALOG!2.)/511. 

00 COS Jz\\ fK2 
yjrJ-N 1 
YJrXN#XJ 

A ( J) rEX=>( Y J) 3995^ 

20E I(J)-A(J)*SCLFT 

F^ninsoc 

C CD UP P(5) OCTAVES 

2S0 XNr P( 5) ♦ALTGi 2. )/51U 
OG 255 jrM •N2 
XJrj-Nl-511 
YJr XN *X J 

A(J)rFXP(YJ)*.99939 
2*'? I (J ) = A ( J ) *SCLF T 
GOTOSOO 

C APPinuOE FOR ENDLESS GLISSANOI 

300 continue 

DC 32S JrN1fN2 
XJ=J-N1+1 

YJr(6.2?32*{XJ-256.5))/511. 

ZJrALOG(.008)*(l.-COS(YJ)) 

A(J)rEXP(2j)*.99999 
325 I(J)rA(J)*SCLFT 
SCO PFTLRN 
END 




GEN8 


GEN8 is a Fortran subroutine to generate a stored function 
which can be a bell-shaped curve with one, two or three peaks. 
The calling sequence is 


CALL GEN8 

Data is supplied by the P(n), I(n), and TP(n) array: 

C0MM0N I,P/PARM/IP 

The parameters of the function are given in the data 
statement: 


P(l) 

GEN 


P(2) 

Action 

Time 


P(3) 

7 


P(4) 

Function 

Number 


P(5) 

n 


P(6) 

m 


P(6 ) field is used only if P(5)=0. 

If P(5)=0, GEN8 computes a bell-shaped function with 
one peak, as shown on 
the figure. If P(6)=0, 
default value P(6)=l is 
assumed: This corresponds 

to end points ordinates 



42db below the peaks ordinates. The function is computed 
according to the formula 

F(x) = exp ^log(. 008)x^-^-^ x[i^cos( ^^ 


If P(5)>0, GEN8 computes a bell-shaped function with 


two peaks, as shown 
on the figure. The 
function is computed 
according to the 




GENS 
- 2 - 

F(x) = exp ^log( .008)x ^ - ^^ - ^ x[i-sln2ii( ^ - ~| -^) 

For P(5)=l, the end points ordinates are 42 db below the 
peaks ordinates. 


If P(5)<0, GENS computes a bell-shaped function with 



For P(5)=-l, the end points ordinates are 42db below the peaks 


ordinates. 



MUMB T1B20 15.689 09^^0 
B0X riM7.J.C.RISSET X25 
PRGE N0 1 




1501. 
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CENVGF^’P GEN8 FCR l»2t3 PEAK CURVES 


FOR ToNF height versus tcnality study 
^(S) ZE'^O ONE PEAK 
p(S) POSITIVE TWO PEAKS 
P(5) Ner,ATTVE THREE PEAKS 
SOePnUTTNE GEN8 

OTPENSION n 15000)♦PC 100) »IP(20)♦AC7000 I 
CCMVCN TfP/PARP/IP 
EQUIVALENCECIf A) 

setFT=ID(IS) 

NlrIP(2)^(IFTX{P(4))-l)»IP(6) 
N?iNlfIP(S)-l 
no 100 KzNlfN2 
irc A (K )z 0.0 

IF iD { 5 )) 200f 250f 300 
C THPfE peaks 

200 rONTlMlIP 
XHc-P(5) 
no 22S JrNlfN2 
Xjrj-N'l 4l 

YJ =(G.2332*(XJ-44.))/170. 

?J = ALQGC .008)♦(1.-SINCYJ) )♦.5♦XM 
A( J)rEX=>(ZJ) 

225 I(J) = A(J ) fSCLF T 
GOTOSOO 

C OKE peak 

2S0 rCNTINUr 
XHrPC G ) 

IF CXH.EO.O. ) XM-1. 
n027S J=N1*N2 
XJr J-N14-1 

YJ r(6.2B32^<XJ-256.5))/511. 
ZJ=ALQGC.008)^(l.-CaSCYJ))».5*XM 
A(J)rEXP(Zj) 

275 I(J)=A(J)4SCLFT 
GCTcsno 

C TWO PEAKS 

300 CONTINUE 
XwrPCS ) 

00325 J = MfN2 
XJrJ-Nl^l 

YJ r(6.2vS32*CXJ-e5. ) )/2S6. 

2J r ALOG(.008)1.-SINCYJ))*.5^XM 
A(J )rEXP(2J ) 

325 T(J)rA(J)*SCLFT 
500 RETURN 
ENH 




§100 


This is a melody played by an instrument reminding of a flute. 



Instrument #2 
This instrument gives a 
wave with a time envelope, 
a random amplitude modulation 
and a periodic smplitude 
modulation. 

The wave corresponds 
initially to function F2; by means 
of SET, it can be changed to function Fn, 
where n is the value of Pll in the note'card. 

(If n 5 o no change is effected.) Here FI - sine wave, F2 
4 harmonics wave, F3 - harmonics wave - are used; for these 
3 functions the fundamental is dominant. The function with the 
richest harmonic content is used for the lowest note. Care is 
taken to avoid foldover, except at action time 9 and 9«1 where 
a small amount of foldover is deliberately introduced. The time 
envelope corresponds to functions F5 and also F4, F6, F7; it 
gives slow attack and decay. 

The random amplitude modulation 
range is only 1 % of the amplitude, (see C0NVT), 

and its rate is around 60Hz. This modulation is on^-'ly marginally 
significant. 



r>. 
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The periodic amplitude modulation is performed using 
function P12, giving a sine wave with a D.C. bias. The rate 


is given by V7 and is around 5Hz. 
Both F12 and V7 are changed in the 
course to the melody, (similarly 
to other parameters) to give more 
naturalness to the melody. 



Instrument #3 
This Instrument is simply 
used to introduce frequency 
glides controlled by F9, or 
to increase the proportion of 
fundamental (in conjunction 
with instrument 2). 



Note: Since only this example was to be generated with this 

type of tone quality, I have not attempted to improve 
the code in terms of economy of specification. 
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COMHFM FLUTF RUN ON TAPE M1669 FILE 6; GEN 0 5 5; 
COI^MFNTrSAMPL ING RATE 10000 HZl SIA 0 ICCOO; 
COHMENTIINSTPUMENTS for flute like tones; 

INS 0 2;paN P8 P9 B3 P30 P29 P28;AD2 B3 P5 B3; 

OSC B3 33 fi2 P25; SET PIO: 

OSC P7 P7 9 3 F5 P27;SET Pli;OSC B3 P6 B3 F2 P26;0UT B3 B1;END; 
INS 0 3;SFT O9;osc P5 P7 33 F8 P30;SET P8;0SC P6 P7 84 F3 P29: 

OSC P3 B4 b 3 FI P28;ouT F3 bi;fno; 
comment:M rrRo^Jo^^fr marking to; 

SV? 0 2 3C;SV2 C 30 0 70 20 705 


S'V3 0 7 

GFN 0 ? 
GFN C 2 
G F •? 0 2 
GEN 0 I 


. 34 ; 

111; 


2 I 

3 1 

4 0 


.08 .07 4; 

.2 .1 .1 .05 6* 

2 50 .6 140 .99 180 


»9 205 .5 250 .25 300 .12 350 


.03 use 0 512; 


GEN 

0 

1 

5 0 1 

.2 50 .6 

ISO .99 

200 . 

2 350 0 

512; 

GEN 

0 

1 

6 0 1 

.2 50 .5 

250 .2 

350 0 

512; 


GEN 

0 

1 

7 0 1 

.5 80 .5 

140 .99 

160 . 

4 230 .6 

420 0 

GEN 

0 

1 

P 0 1 

.4 150 . 

39 350 . 

5 400 

.24 450 

0 512: 

GEN 

0 

1 

9 .895 

1 .99 512; 




GEN 

c 

1 

IC .999 1 .999 

512; 




gen 

n 

2 

12 .25 

.74 1 ; 





not 

. 

88 

3 .12 

1700 988 

.12 8 10; 



NOT 

1 

2 

2 300 

1109 2 20 6O; 




gfn 

1 

1 

8 0 1 

.99 ICO 

0 512; 




NOT 

i 

3 

.7 300 

1107 .7 

8 10; 




CFN 

3 

2 

12 .3 

.6 1 ; 





NOT 

3 

2 

.8 300 

784 .5 

30 50 4; 




NOT 

4 

.5 

3 .375 

1200 1397 .375 

5; 




NOT 4.85 5 .15 1200 992 .15; 

NOT 5 3 .7 300 nCO .7#' 

NOT 5.01 3 2 1200 1109 2 30 80 6 2! 

NOT 1 2 .2 400 784 .2 40 70 7; 

NOT 7.2 2 .3 TOO 598 . 3 30 50 5.* 

NOT 7.51 2 1 300 370 1 30 50 6 21 

NOT 7.5 3 .5 150 368 .5 8; 

NOT 8.5 2 .5 400 415 .5 50 6C 5; 

NOT 9 2 .12 900 1395 .6 30 80 4 21 

NOT 9.1 7 1.2 9C0 1568 .8 30 90 4 Zl 

SV3 10.24 7 .31; 

NOT 1C.25 2 l.Oe 900 277 1.08 40 6C 7 3; 

SV3 12.08 7 .28; 

NOT 10.25 3 1 2C0 275 1 5 lO; 

NOT 11.35 2 .33 500 329 .31 30 60 5 2; 

NOT 11.72 2 .36 800 528 .26 30 60 5 21 

NOT 12.09 3 .20 950 2217 .2 6 9; 

NOT 12.10 2 .15 700 1975 .13 40 90 5 i; 

NOT 12.23 2 2.5 939 2717 1 40 90 4 i; 

tfr 19; 

C CONVT FOR FLUTE 

SUBROUTINE CONVT 
common IP( 10 ) fP( 100)fG( 1000) 

IF IP(1).NE.1.)G0T0100 
FrSl 1./G(4 ) 

PI6 )rF*PiS ) 

P( 7)=F/f(4 ) 

IF(P(3) .EQ.3.)G0T0100 


P ( «) rF *P(3 ) 
of8)Z.01*P(5) 
100 PFTURM 
ENO 


•06 400 
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This run gives a serial excerpt. It makes use of three 
different tone qualities,particularly one obtained through 
non-linearity which has some similarity with clarinet 
sounds. The 12-tone development is done automatically in 
the 3rd pass, by repeated scanning of stored functions: 
frequency controlling functions, corresponding to the pitch 
rows, and amplitude controlling functions, corresponding 
to rhythm and accent rows; this way hundreds of musical 
notes are generated from only 10 note cards, using a process 
similar to M. V. Mathews’ cyclic algorithm but performed 
in the 3rd pass^^\ 


The example uses two pitch rows, specified respectively by 
F7 and F8. The frequency input of the oscillators using 
these functions is the frequency of the highest note in the 
row. The rows are as follows: 

Fr 




Ta = 

• tr- 

-H 

— - ih - 

I_ / 1 


The example uses two rhythm rows, specified by F5 and F6. 
For instance F5 corresponds to the following rhythm: 

T: f . 7 i -y - i J / } y 

The tempo is J. = 132 for a scanning duration of 5.91s. 


#150 
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The oscillators I0S using F5, P6, F7> F8 accept negative 
increments that will cause the function to be scanned back¬ 
wards . 


Instrument #1 is diagrammed here, A sine wave FI is amplitude 
and frequency controlled * ^ ' 

by functions P5 and F6 
respectively, and then 
submitted to a non-linear 
transfer, according to 
the characteristics of 
function F2. F2xP5 gives 
the output as a function 
of the input B3, which 
must be in the Interval -256,+256. 

This is achieved by using 
the bottom oscillator in 

0 

a degenerate way, whereby- 5 | 

B3 is used as sum with a 
frequency increment of 
0 (V1=0). Both P9 and P5 






determine the maximum amplitude. 


- ^ - 


but the value of P9 (Xn the 

interval -256,+256) determines the amount of "distortion” per¬ 
formed on the sine wave. (The output is still a sine wave if 
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P9<312-256 = 56 .) The distortion generates odd harmonics 
so that a sampling rate of 20,000 Hz had to be used to avoid 
objectionable foldover for fundamental frequencies around 
1500 Hz. 

Instrument §2 simply generates a waveform defined by F3, ampli¬ 
tude and frequency controlled respectively by functions F6 
and F8. F3 is an all-positive waveform, generated by GEN7 
(cf. description): it is a sine wave in a dB scale, with the 
lowest point 84 dB below the highest point. There is a 
marked difference between the aural effect of this wave and that 
of a true sine wave. 

Instrument #3 generates a sine wave whose frequency is con¬ 
trolled by F7 and whose amplitude is controlled by F4. F4 is 
a decaying exponential: this ^ 
gives a percussive sound. The 
rate of scanning the amplitude 
function is about 12 times the 
rate of scanning the frequency function: if it were exactly 
that, it would give one '^stroke" per pitch. By divorcing the 
rates of scanning for amplitude and for frequency functions, 
one can obtain repeated pitches or legato transitions between 
pitches. 

Note: In the printout for run #150, semicolons (;) are replaced 

by dollar signs ($). (This run was performed on a 
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machine without a (;) in the character set.) Also 
GENl is for this example defined with abscissas 
ranging from 0 to 511. 
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^ 'ISO 

rr^MMCMT ^roiAL rUNCTTHNS WITH NHN lINTARTTYS 
rQMvrvT ms STRlFLLr^ fLA^ 1 FF^lO 2^ 

I^•s is^sT py rs Pios 

SrT Pr c’P BM F7 Pll^ 

rjrc q-^ qt* BT ^^O^hOZ »* 3 V? R3S 

-cr 05 VI R? *^? BTi:nUT B2 BlfFMns 
G ? 1 1 ]« 

r,rM 1 q -.BB p -.c ?nn . c; 312 .<>9 SIH 

Tmc n -»SSC*T Pl?^TnS °5 P? RT F^; PlO« 

crT oj7cTpr pc po pt| eg Pllf 

ocr qq B3 3 P^OcniJ^ R3 PlSFHDS 

CV7 P 1 0 2SF« 

GT^J q 7 n It 

'^Ff* q 1 B 0 0 .? PO 1*40 .99 ?50 .P ^3C .2 **C0 0 5llf 

rp TS OF '^YTH'^f^ PUTS OF PlTCH^ 

rrr n m 0 0 .«<? 9 . B 10 0 ? 9 0 5R .7 62 .2 72 0 7P 0 97 .4 102 .1 

ll'^ r ilO 0 147 .9 149 ,c 1S3 .? 156 .g iSg .3 140 0 196 0 203 .3 211 

.225 .3 230 C 233 0 ?4P .4 290 .9 255 0 262 0 275 ?76 0 314 0 3 34 

.0 339 . 2 34S 0 3S3 0 373 .93 -^715 q 0 422 .F 423 •! 432 .7 433 

u^c 0 M52 C 51 If 


G^^' 0 1 ; 9 0 

. 0 

3 .9 

50 .2 56 0 59 

0 84 

.8 99 .9 

107 

0 114 0 

151 

.R R IS? .3 167 

C 

171 F 

211 .99 yiy . 

3 224 .1 227 . 

99 

73l .6 15 

0 . 8 280 

.pc 7 P 4 ,5 2 pc 

• 4 

700 

.05 7B2 .3 300 

. R 

305 0 312 

0 38l .6 387 

0 797 0 

41C .7 4 1? . ? 

475 

r 440 r 49? .99 496 .6 

504 C Fll« 



GFV 1 T ,593 

n 

.5^3 

47 .99 43 .99 

A5 . 

37 86 .37 

127 

.527 128 

.527 

1 7 . f 6 7 171 









.697 712 .351 

213 .351 755 .790 259 

.790 29ft .555 

299 .555 ’40 

• RFP 34 1 .4 63 

'^1'' .5^:^ siif 

383 

. 6 ?R 

3P4 .F74 425 

.832 

42F .832 

468 

.889 469 

.eP9 

G F N 0 1 P .375 

0 

.3 75 

«? .7'’0 4T .zee fiS 

.999 86 . 

999 

127 .733 

178 

. 333 1 7n . icg 

1-^1 

.159 

21’ .422 213 

.422 

255 .601 

256 

.601 298 

. 14 1 

799 .14J 34 F , 

237 

341 

.737 y^y .534 

3 p 14 

.534 425 . 

4^0 

426 .450 

468 

.717 499 . 71 ? 

5l0 

.375 

51 15 







T^tF n 3»cSr P5 P? B3 **4 P30«TCS P6 PP B4 F7 P29f 

nrc 33 44 93 I P?9«‘^UT 9 3 9 lfF^'nS 

pr^j 0 7 4 -R<- 

pTA 0 4 7009''? 

roMMr^T 77 7 PF^'F7AL 


c v7 

0 


7 

6 -7 -PC 

S V7 

n 

20 

7 

F -7 -Pf 

5 V*? 

0 

7 f> 

7 

6 -7 -Of 


1 

1 

1 1. 

02 2?o iPun 1 1.87 .10.90 25Cf 

Kj nT 

7“ 

.F7 1 

2’.64 200 1640 -11.9? -10.90 25nt 

ikf n T 

•re 

.44 1 

11 .r? ??o 2304 11.82 10.90 250? 

ik«n T 

3. 

77 

n 

16.32 900 228 8.16 10.90? 

nr nj 

F . 

4«' 

1 

7<’.6 450 P70 5.91 -5.45 ?20f 

MO r 

F . 

u5 

I 

29.6 400 576 7.955 -5.45 200? 

M fT 

'yu 

2 

16 

.3? ’OC 465 -16.3? -10.905 


qa 

i 

23 

.64 400 9-»0 -1 1.82 10.90 250? 

n T 

T ^ 

7 

16 

.37 PFC 728 P.16 l''.90f 


70 T 7? son 9560 ,9? Uf 
T rn C 4 » 
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This run provides, a few "brass-like" tones. Here no 
attempt has been made towards economy of specification: 
schematized data from real trumpet tones have been used (cf. 
J. C. Risset and M. V. Mathews, Physics Today, Feb.1969). 



Instrument ^1 

This is a degenerate Instrument 

which simply provides for random 

frequency modulation in the other 

Instruments. The range is around 

. 5 % of the fundamental frequency; 

the rate is around lOHz. (These are 

low values: in this example the 

random modulation is not very significant.) 


J_L 


Instruments #2, 3, 6 

These instruments are used 
to synthesize tones with 
different envelopes for each 
partial: 1st partial with 
function F2, •••, 5th partial 
with function P6. Random 
frequency modulation is 
possible using Instrument #1. 



t 
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Instrument #7 

This instrument is used to 
synthesize partials with 
different attacks and decay. 






^ 200 


C0*•^*E^T:3RASSY TONES WITH INDEPENDENT CCNTKCL OF THE HARNGMCS; 
C0MMENT:TAPF m2029; 
comment :SAMPL IN'G RATE 12.5 KC ; 

comment:for frequency mooulatidn at random; 

INS 0 i;PAN OS F7 B2 P30 P29 PZfiJENO; 

COHMENTIFOR imoepenoent harmonic control; 

INS 0 2;srT PF;nsc p5 p7 33 f2 p3o; 

A02 P6 02 B<*;OSC 83 84 03 FI P23;0UT 03 81;EN0; 

INS 0 3;SET Ps;OSC P5 P7 03 F3 P3C: 

A02 PS 32 84;asc 33 34 03 FI PZSJQUT 33 BISENO; 

INS 0 4;SFT Pfl;OSC P5 P7 63 F4 P3C; 

A02 P6 82 34 ;0SC 03 34 33 FI P29;0UT B3 BUENO; 

INS 0 5;SET P«:OSC P5 P7 03 F5 P3C; 

A02 PG B2 B4;0SC 33 04 B3 FI P29;nUT 03 Bi;eNO; 

INS 0 6;SET Pfl;OSC P5 P7 B3 F6 P30; 

A02 PS 02 84;nsc B3 34 B3 FI P29;ouT 83 bi;eno; 

C0M**ENT:F0P ATTACK AND DECAY TJMES; 

INS 0 7;ENV PS F7 33 P8 P9 PIO.P30;a02 PS 82 B4; 

DSC B3 B4 03 FI P29;aiT 83 BUEND; 

STA 0 4 125005 
1 1 5 

.031 10 .282 26 .112 40 .178 429 .159 473 .008 500 «001 512; 
.001 19 .500 434 .355 454 .C16 49C .001 512; 

•001 23 .560 435 .001 512; 

.005 19 .224 418 .224 431 .178 458 .001 512; 


SEN 

GEN 

GEN 

GEN 

GEN 

GEN 


.001 10 

.001 10 .009 21 .089 33 .022 45 .022 73 .112 226 .178 264 


.071 345 .062 468 .001 5125 


GEN 

0 17 0 1. 

999 128 .999 

256 0 

NOT 

11.17.6 

554 lo: 


NOT 

1 7 .17 200 

554 0 7.5 0 

i4o; 

NOT 

1 7 .17 16C 

1108 0 7.5 0 

no; 

NOT 

1 7 .17 350 

1662 0 12 0 

85; 

not 

1.00 7 .15 

31C 2216 0 14 

0 80 ; 

NOT 

1.00 7 .14 

160 2770 0 24 

0 65; 

NOT 

1.00 7 .14 

20C 3324 0 27 

0 6o; 

NOT 

1.00 7 .14 

99 3878 0 32 

0 60; 

NOT 

1 .00 7 .14 

20C 4432 C 30 

c so; 

NOT 

1.00 7 .14 

80 4986 0 35 

o 

o 

not 

3 1 .15 .6 

293 lo; 


NOT 

3 7 .15 50 

293 0 10 0 140; 

NOT 

3 7 .15 80 

586 0 10 0 no; 

NOT 

3 7 .15 100 

879 0 12 0 85; 

not 

37.15175 

1172 0 17 0 

so; 

NOT 

3 7 ,15 180 

1465 0 25 0 

65: 

NOT 

3.Cl 7 .15 

15C 1758 0 30 

c 6 g; 

NOT 

3.01 7 .15 

100 2051 0 35 

0 60; 

not 

3.01 7 .1*^ 

80 2344 C 35 

0 60; 

NOT 

3.01 7 .14 

50 2637 0 40 

0 loo; 

NOT 

3.01 7 .14 

60 2930 C 40 

0 ico; 

NOT 

3.01 7 .14 

140 3223 0 45 

0 100 

NOT 

3.01 7 .13 

90 3516 0 45 

0 100: 

NOT 

3.01 7 .13 

45 3809 0 40 

0 loo; 

NOT 

3.01 7 .13 

25 4102 0 45 

0 9o: 

NOT 

5 1 .4 .4 784 20: 


NOT 

f. 2 .4 ft 0 C 

764 c; 


NOT 

5 3 .4 800 

1568 o; 


NOT 

5 4 .4 80C 

2352 C; 


NOT 

5 5 .4 800 

3 136 o; 


NOT 

5 S .4 sec 

3920 c; 


NOT 

S.O 1 .7 ,4 

330 2o; 


NOT 

6.0 2 .7 1400 830 o; 


NOT 

s.c 3 .7 icco 1660 o; 



384 0 5125 
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MOT F.O 4 .7 ICCO 2450 05 

NOT 6.0 5 .7 1000 3320 01 

roT 6.0 6 .7 ICCO 4150 0? 

NOT 6.3 1 .1 0 50 O; 

Ku a : 

SUBROUTINE CONVT 

COMMON IP(IC) fPllOOl.fGI 1000 ) 

IF (P( 1 ) .NE. 1. )r,0T0100 

Fz5n./G{4) 

P(6)rF*o(6) 

IFIGC10 ) .GE..5 >6070200 
IFIP(3).E0.1.IGOTOIO 
IF|P(3) .eg. 7.)G0T070 
P(7)rF/P(4 ) 

GOTOICO 

10 P(5)r.01*PC5)*P(6) 

P(7 )zF*P(7) 

GOTOIOO 

70 FENVrF».25 

P(3)r.001*PC 8) 

P(9)=.0C1*P<9> 

P(10)r.001*P( 10) 
P(9)=PI4)-PI8)-P(1C) 

IF<P(9))2.3#4 

2 P<8)=(P<8)*P<4))/CPI8)>PI10)) 
P(10)rCP(10)»P(4))/CP(8)^P(10)) 

3 P<9)rl28. 

G0T05 

4 P(9)=FFNV/PI9) 

5 P(8)=FENV/P(8) 

PnC)zFENV/P(lC) 

GOTOIOO 

200 P(6)=P(6)*P<3)*10. 

P< 7)rF/»(4 ) 

FENVrF# .25 
P( 3)001»P(3) 

P «9)r.0C1*P (9 ) 

P(10)-.001*P( 10) 

P «9 )-P C 4 ) -P (0 ) -P C 1 C ) 
IF(P(9))202.203f204 
202 P(8)-(P(8)*FI4))/(P(8)^P(10)) 

P(10)r<P(l0)*P(4))/«P(8)♦PC 10)) 
707 P(9):128. 

GOTOZOS 

204 P(9 ) = FE KV/P (9 ) 

205 PC 8)rFENV/PC 8) 

PflP)rFENV/PClC) 

100 return 
END 
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This Is the same run as #200, but played back at a 
sampling rate of 5000Hz instead of 12,500Hz—hence all 
frequencies are multiplied by .4, all durations are multi¬ 
plied by 2.5. 
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#210 


This run gives some examples of brass-like sounds 
synthesized with more economy of specification than in #200, 
using an instrument designed to produce sounds whose spectra 
depend upon the amplitude of one component (cf. J. C. Risset 
and M. V. Mathews, Physics Today . Feb. 1969). It must be 
noted that this instrument is by no means limited to the 
production of this type of sounds: the components need not 
be harmonically related and the functions used can be entirely 
different. 


The instrument (#1) is diagrammed here. The amplitude of one 
partial (which will be in this example harmonic #1) is con¬ 
trolled by function F8, used with the ENV generator; the 



input-output block B3. B3 is used as amplitude input of the 
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oscillator generating the contribution of harmonic #1, and 
also for another purpose. Hence B3 has to be reserved in 
this instrument, it cannot for example be used as output for 
another oscillator. For each harmonic, B3 is used as sum for 
an oscillator with a frequency increment of 0 (VI = 0), which 
performs simply as a function look-up unit. E.g., for 
harmonic #2 the output of this oscillator will be the product 
of V22 by the value of stored function F2 for an abscissa equal 
to the current value stored in B3 (e.g., the current value of 
the output of the ENV generator); this output is stored into 
B4 and used as amplitude input for the oscillator generating 
the contribution of harmonic #2—the frequency input being 
the produce of the fundamental frequency P6 by the constant 
V2 = 2. Hence the value of the amplitude of harmonic #2 is a 
prescribed function of the amplitude of harmonic #1 (this 
function being determined by V22 and by F2). Similar basic 
blocks of unit generators give, in a similar way, the amplitude 
of each harmonic as a prescribed function of the amplitude 
of harmonic #1. Hence the spectrum of the sound depends upon 
the amplitude of harmonic #1. 

Fundamental frequency is given in Hz by P6. Attack time 
and decay time are given in s by P7 and P9; the C0NVT subroutine 
computes the steady state time as P4-P7-P9- 

The example includes two sections, which differ by the 
constants V22,..., V28 and the functions F2, ..., F7 used with 
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the instrument. Hence the way the spectrum depends upon the 
amplitude of harmonic #1 is different in the two sections; 
however in both sections *it retains one important characteristic 
of brassy tones, namely the fact that the proportion of high 
frequency energy Increases with the intensity of the sound. 

In the first section functions P2 to F7 are as plotted 
(Plot attached). All functions have,value .05 for abscissa 
50 : when 1st harmonic*s amplitude is 50, 2nd harmonic’s 

amplitude is V22 x .05, (in this case 1000 x .05 = 50), 3rd 
harmonic’s amplitude is V23 ^ .05, and so on. Thus when 
P5 = 50, the amplitude of the successive harmonics are 
proportional to 1000, V22, V23, .... When P5 Increases from 
value 50, due to the functions used the contributions of 
harmonics #2, 3, ••., 7 increase respectively 2, 3, ••«, 7 
times as fast. Overloading (peak amplitude higher than 20^8) 
occurs when P5 is between 80 and 90. So the useful range for 
P5 is from 0 to 80 (but the sound is sinusoidal for P5 < 33). 

The first sound is a long tone with dynamics represented 
by sf-p-cresc, to illustrate how the spectrum brightens when 
the amplitude increases. Then follow 9 short sounds of varied 
amplitude, with a large amplitude overshoot at the beginning 
of the sound. The attack time used is 50 ms (larger than in 
most actual trumpet sounds—because of the unusual way the 
harmonics come in). 
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In the second section, slightly different functions 
F2 and F3 and different values for V22 to V27 are used. The 
section comprises five sustained notes and one crescendo note. 

It is useful to add to the instrument a MLT generator 
to scale the output by a factor specified on the note card: this 
permits for example to have the instrument played by several 
voices, with P5 = 80 for each of them, without overloading. 
(Merely reducing the value of P5 for each voice would change 
the spectrum.) 

The sounds of this example are not presented as good 
imitations of trumpet sounds: the spectrum is not reproduced 
accurately and in particular there is no formant structure; 
there are not enough components, and there is no frequency 
control. (Both formant structure and frequency control could 
of course be incorporated in this type of instrument.) On the 
other hand, using this type of control of the spectrum, one 
can obtain somewhat "brassy” sounds with only 3 functions, one 
controlling harmonics 2 and 3, the second one controlling 4 and 
5, and the third one controlling 6 and 7- Also, as mentioned 
before, the utility of this type of spectrum variation is not 
limited to brass-like sounds. 

Note: In the printout for run #210, semicolons (;) are 

replaced by dollar signs ($). (This run was performed on a 
machine without a ; in the character set.) Also GENl is for 
this example defined with abscissas ranging from 0 to 511. 
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Z. 1 O 

CnMMENT SIMPLTFTFO Sr^ASSV SOUNOSS ^ 

INS 0 ISFNV P5 Ffl B3 P7 P8 PS P30S0SC B3 P6 B4 FI P29S0UT fi4 Bl% 

OSC V22 VI B4 F2 R35MLT P6 V2 85SOSC B4 85 B4 FI PZTSOUT 84 SIS 

OSr V23 VI B4 F3 B3SNLT PG V3 BStODC B4 B5 P4 FI P2SS0UT B4 BlS 

OSC V24 VI 84 F4 93SMLT PS V4 B5SOSC 84 85 B4 FI P23S0UT 84 BIS 

OSr V2S VI 84 F5 B3f*^LT PS V5 85SOSC B4 B5 84 FI P21SCU7 84 BlS 

OSC V26 VI 84 F6 83S?^LT PS VS B5SOSC 84 85 B4 FI P19S0UT B4 BlS 

OSr V27 VI 34 F7 B3S*-LT PS V? B5$0SC B4 85 84 FI P17SCUT 84 BlSFNOs 

COMmemT to SCI S«^NFPAL CONVTS SV2 0 10 2 6 107S 


SV? ^^1023456 7% 

rv3 n 22 1000 2000 looo 1250 1000 asos 

CFN 0 ? 1 1 1« 

CFN 0 1 2 0 C 0 33 .2 100 0 511SGEN 0 1 3 0 0 0 40 .3 100 0 5llS 

6 FN 0 1 4 0 0 0 43 .4 100 0 SllSGFN 0 1 5 0 0 0 45 .5 100 0 511S 

GEN 0 1 S 0 n 0 US .S 100 0 511SGEN 0 1 7 0 « 0 4S .7 100 0 511S 

CE^’ 0 1 P 0 0 .5 128 .939 256 0 384 0 511S 

NTT 1 1 5 00 554 .05 S .25S 

G«"N 7 12 0 0 .99 ion .SS HO .8 128 .6 25S .3 300 0 383 0 511S 
NOT P.5 1 .3 45 554 .05 0 .IS 
wnT 8 1 .3 50 554 .05 0 .15 
not q.s 1 .3 55 554 .05 0 .IS 


WOT 

ir 1 

.3 

PC 554 .05 0 

.IS 

NOT 

10.5 

1 . 

3 60 554 .05 

0 .IS 

wqT 

11 1 

.2 

65 554 .05 0 

.IS 

NOT 

11.5 

1 . 

2 70 554 ,05 

0 . IS 

not 

12 1 

.2 

75 554 .05 0 

.IS 

NOT 

12.5 

1 • 

3 80 554 .05 

0 .IS 


SPC 145 

SV3 0 22 4000 5000 2400 4000 1000 5000S 
GEN 1 2 0 0 C 33 .05 50 .110 IOC 0 511S 
GFN 0 1 3 0 C 0 40 .05 50 .120 100 0 511S 
GFN 3 P 0 45 85 0 OS 


NOT 

1 

1. 

• S 

50 

S82 

.05 .4 

.155 

not 

2 

1 

.6 

SO 

68? 

.05 .4 

.15S 

NOT 

3 

1 

.6 

70 

632 

.05 .4 

.15S 

NOT 

4 

1 

.F 

90 

682 

.05 .4 

.155 

NOT 

5 

1 

3 

85 

682 . 

05 3 . 

25 


TFP 95 
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This run gives an example of how the same waveshape can 
give different tone qualities, depending upon the amplitude 
envelope; here are presented sounds which could be described 
as ^’reedy” (like oboe or bombarde sounds) or ^^plucked" (like 
harpsichord sounds). Also an example of "choral effect" is 
given. 

Instruments ^1, 2, 3 

These instruments are 
diagrammed here. They give 
waveshape FI with an envelope 
defined by functions F2 to F7. 

The sum of the waveshape 
oscillator is stored in a 
Pass III variable: this 
permits click-free "legato" transitions between successive notes 
(that is, transitions where the amplitude does not go to 0 at 
the end or the beginning of the note). 

Instruments 2, 3 are defined by functions F2, F3 and 

F2 respectively for the envelope: but these function numbers 
can be modified in the note card, using SET. The functions 
used insure long attacks and decays (longer than 50 milliseconds) 
and "legato" transitions between successive notes. 

Function FI comprises 11 harmonics. This same function is 
used in instrument ^4. 
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The first section plays an excerpt of a Brittany folk 
melody with one voice (produced by instrument #1). The scale 
is not equally tempered; the leading tone is conspicuously 
low. The tone quality reminds of a double reed instrument. 

The second section plays a similar melody, but with 
three voices played by Instruments 1 to 3» The frequency 
and time differences between the voices (up to a several per 
cent difference in frequency and up to .08s in time) somewhat 
evocates the sound of a number of players (choral effect). 
(From a single voice, the additional voices note cards could 
be generated automatically by use of a simple PLF subroutine.) 

The third section plays a related melody with the same 
waveshape FI but with a short 
(exponential) attack and an 
exponential decay. This 
section uses instrument #4, 
diagrammed here. Function F8 
gives an exponential attack 

-Q . 

and decay between 1 and 2 
The notes of this section 
have no steady state, an 
exponential attack time of 10 milliseconds which corresponds 
to a very sharp attack, and an exponential decay time varying 
between .5s and 2s. The tone quality reminds of a plucked 
string instrument. 





^0 


COMMENTISAME SPECTRUM FOR REEDY AND PLUCKED SOUNDS: 

comhem:samplin 6 rate 20 kc; sia 0 a 20000: 




INS 0 i;SPT P8;QSC PS P7 83 F2 PSOJOSC 83 P6 83 FI Vi:OUT B3 
INS 0 2:SF1 P8;0SC P5 P7 83 F3 P30;0SC 83 P6 83 FI V2;01JT 83 
INS 0 3;SFT P8;asc P5 P7 83 F2 P 30 ; 0 SC 83 P6 83 Fl V3;aUT 83 
INS 0 *i;ENV P5 F8 83 P7 P8 P9 P30;0SC 83 P6 83 Fl P29;0L’T 83 

comment:to set general convt; 


SV2 

0 

10 2 6 

-7 7 



SV2 

0 

20 2 6 

-7; 



SV2 

0 

30 2 6 

-7 7 



SV2 

0 

40 2 6 

1077 



gen 

0 

2 1 40 

30 35 50 10 

20 

15 0 2 5 3 11; 

GEN 

0 

3 2 0 

10 8 6 7 67 



GEN 

0 

3 3 0 

7 8 10 5 57 



GEN 

0 

1 4 .6 

0 .9 120 .7 

300 

•8 400 .6 512 

GEN 

0 

1 5 .5 

0 .6 240 .5 

512 

7 

GEN 

0 

1 6 .6 

0 .9 20 .3 

320 

0 512: 

gen 

0 

1 7 .5 

C .8 40 .2 

300 

0 512; 

GEN 

0 

6 8 9 

.99 .99 9: 




cohment:breiz bombarde type; 

CQMMENTIONE SINGLE VOICE; 

NOT 1 1 .5 6C0 ‘ISG .5;N0T 1.5 1 .25 6CO 815 .25 

NOT 1.75 1 .25 600 648 .25;NaT 2 1 .5 600 723 .5; 

NOT 2.5 1 .25 600 972 .25;N0T 2.75 1 .25 600 890 .25; 

NOT 3 1 .25 600 820 .25;N0T 3.25 I .25 600 729; 

NOT 3.5 1 .5 600 820 .5;N0T 412 600 729 2 6; 

SEC 7 ; 

comnent:three voices for choral effect; 


NOT 

1 1 . 

5 

1200 486 .5 2:N0T 1.03 2 .5 

500 

492 .5 3; 

NOT 

1 .08 

3 

.5 300 ‘lYS .5 2: 



NOT 

1.5 1 

• 

2S 1200 615 .25 4:NaT 1.53 2 

.25 

500 610 .25 

not 

1.58 

3 

.25 300 629 .25 *•: 



NOT 

1.75 

1 

.25 1200 698 .25;N0T 1,78 2 

.25 

500 660 .257 

NOT 

1.83 

2 

.25 50C 625 .25: 



NOT 

2 1 • 

5 

1200 729 .57NOT 2.03 2 .5 500 719 .57 

NOT 

2.08 

3 

.5 300 741 .57 



NOT 

2.5 1 

• 

25 1200 972 .257N0T 2.53 2 . 

25 500 990 .257 

NOT 

2.58 

3 

.25 300 950 .257 



NOT 

2.75 

1 

.25 1200 890 .257NUT 2.78 2 

.25 

500 880 .257 

NOT 

2.83 

3 

.25 30C 884 .257 



NOT 

3 1 . 

25 

1200 820 ,25;NaT 3.93 2 .25 

500 

830 .257 

not 

3.08 

3 

.25 30C 809 .257 



NOT 

3.25 

1 

.25 1200 820 .25;N0T 3.28 2 

.25 

500 835 .257 

not 

3.33 

3 

.25 30C 807 .257 



NOT 

3.5 1 

• 

5 1200 820 .57NQT 3.53 2 .5 

500 

848 .57 

NOT 

3.58 

3 

.5 300 600 .57 



NOT 

4 1 2 

1200 729 2 67NOT 4,03 2 1.99 

500 

722 1.99 77 

NOT 

4 .08 

3 

1.92 300 743 1.97 67 



SEC 

87 






CON«ENT:pLUCKED SOUND ; 

NOT 1 4 .5 600 486 .01 0 2 ;NQT 1.5 4 .25 700 615 .01 0 1 ; 

NOT 1.75 4 .25 700 648 .01 0 1 7 

NOT 2 4 1 600 486 .01 0 2:N0T 241 600 615 .01 0 1.57 

NOT 2 4 1 600 729 .01 C 1.57 

NO! 2.5 4 .50 700 1944 .01 0 .9;nOT 2.75 4 .50 700 1728 .01 

NOT 3 4 .25 700 1640 ,01 0 .5;n0T 3.25 4 .25 700 1458 .01 0 

NOT 3.5 4 .5 700 1640 .01 0 1 ;N0T 4 4 .9 600 1458 .01 0 1 ; 

NOT 4 4 .8 600 123C .01 C 1 :n07 4 4 .9 600 731 .01 0 1 ? 

TER 67 


Z'oO 

6i;eno; 

B1; E NO; 

bi;eno; 

bi;end; 


0 .9; 
.5; 
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This run compares different decays. 


Instrument #1 is diagrammed here. 
All H instruments are 
similar, they only differ 
by the function numbers. 

(For simultaneous voices, 
one cannot use the same 
instrument with different 
functions; for successive notes 
one could redefine the function 



or use SET unit generator.) 

The first section compares linear and exponential decay. 
Linear decay is controlled by function Fh: 



Exponential decay is controlled by function P5: 



2nd note: exponential decay, duration 2s 
3rd note: linear decay, duration 2s 
4th note: exponential decay, duration 4s 

(Linear decay seems to decay slowly then suddenly disappears; 
exponential decay is more even and gives a resonance impression. 



^300 
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The beginning of a linear decaying note is comparable with 

the beginning of an exponentially decaying note of longer 

duration.) 

—8 

Note: 2 =1/256. To get an uncut exponential decay, one 

should make sure that the amplitude controlling func¬ 
tion decays to a final value not larger than the 
inverse of the maximum amplitude used, since when 
the amplitude is smaller than one sample, the sound 
is lost in the quantizing noise. (E.g., if maximum 
amplitude is 1500, one should have a function decaying 
to 2"^^=1/2048.) 

The following notes consist of 3 waveshapes—F6, F7, F8— 

decaying at different rates; in this order: 

5) all 3 waveshapes at same frequency 440, longest decay for 
component with least high frequency content (a '’natural'^ 
situation, since high frequencies decay faster in pianos, 
bells...); 

6) same as previously, except that components have slightly 
different frequencies 443, 440, 441—to give beats similar 
to those due to inharmonicity (or bad tuning) in piano 
sounds; 

7) all 3 waveshapes at frequency 440, with the unnatural situa 
tion of having component with more high frequency energy 
decaying slower; 

8) same as previously, with component frequencies 443, 440, 
441; 



#300 
- 3 - 


9) same as 5) 

10) same as previously, with exaggerated differences In 
component frequencies (448, 444, 440). 


A-4i 



comment: 

:nEC 

AY 

STUDY 

ON 

TAPE 

H2804: 


INS 

0 

1 ; 

;osc 

P5 

P9 

B3 

F4 

P3o; 

SET 

P6; 

;csc 

INS 

0 

2i 

lose 

PS 

P9 

83 

F5 

p3o; 

SET 

P6I 

lose 

INS 

0 

3; 

;osc 

P5 

P9 

B3 

F5 

P3o; 

SET 

P6i 

;05C 

INS 

0 

4; 

;osc 

PS 

P9 

B3 

F5 

P3o; 

SET 

P6i 

;osc 

GEN 

0 

1 

4 • 

99 

1 0 

51 

2; 





GEN 

0 

7 

5 - 

8; 








GEN 

0 

3 

6 0 

1C 

10 

10 

0 

-10 - 

10 

-10 

0 ; 

GEN 

0 

2 

7 i 

.5 

. 3 

♦ 2 

.15 .12 

6; 



GEN 

0 

2 

8 1 

.2 

-05 

i 3 

m 

• 






4f 3oo 


B3 

P7 

B3 

F7 

P2s; 

rOUT 

B3 

B1 

iENo; 

B3 

P7 

83 

F6 

P29; 

OUT 

83 

81. 

>ENO: 

B3 

P7 

B3 

F7 

P25i 

;ouT 

B3 

Bli 

; end: 

83 

P7 

B3 

F8 

P23; 

lOUT 

83 

8I; 

;eno: 


COMMeNTtTO SET GENERAL CONVT; 
SV2 0 10 
SV2 0 20 
5V2 0 30 
SV2 0 HO 
commem: 

NOT I 1 
NOT 7 1 

SEC is; 

comhent:triple decay; 


7 -g; 
7 - 9 ; 
7 -9; 
7 -9; 


TWICE LINEAR THEN EXPONENTIAL DECAY ONE COMPONENT ONLY; 
2 1700 7 440 0 2: NOT 432 1700 7 440 0 2; 

2 1700 7 4H0 0 2;nOT 9 3 4 1700 7 440 0 4; 


not 

1 

2 

.1 1000 

6 440 

0 

. 1; 

NOT 

1 

3 

1.8 350 

7 440 

0 

1.8 

NOT 

1 

4 

3 200 8 

44 0 0 

4; 


SEC 

5 

; 





NOT 

I 

2 

.1 1000 

8 443 

0 

. 1; 

not 

1 

3 

1.8 350 

7 440 

0 

1.8 

not 

1 

4 

3 200 8 

44 1 0 

4; 


SEC 

5 

r 





NOT 

1 

4 

.1 1000 

8 440 

0 

« 1; 

NOT 

1 

3 

1.8 350 

7 440 

0 

1.8 

NOT 

1 

2 

3 200 6 

44 0 0 

4; 


SEC 

5 

• 





NOT 

1 

4 

.1 1000 

8 443 

0 

« 1; 

NOT 

1 

3 

1.8 350 

7 440 

0 

1.6 

NOT 

1 

2 

3 200 6 

44 1 0 

4; 


SEC 

5 

; 





NOT 

1 

2 

.1 1000 

8 440 

0 

• 1; 

NOT 

1 

3 

1.8 350 

7 440 

0 

1.8 

NOT 

1 

4 

3 200 8 

44 0 0 

4; 


SEC 

5 

$ 





NOT 

1 

2 

.1 1000 

8 448 

6 

. 1; 

NOT 

1 

3 

1.8 350 

7 440 

0 

1.6 

NOT 

1 

4 

3 200 8 

444 0 

4; 


TER 

5 

; 
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#301 


This run plays this motive 
with a sound reminding of 
a piano. 



For this run, ^ kinds of notes are distinguished and treated 
differently: 

l)brief and low notes played on instrument #1. 


(duration <.2s, frequency <250Hz) 


Pg 


The amplitude is 
controlled by F3: 




For a duration smaller than about .2s, this function will give 
a sharp attack; the decay consists of 3 linear portions: the 2 
first approximate an exponential shape, the Si’d tries to 
imitate the effect of a damper. 


The wave form is given by FI, which consists of 10 harmonics. 

* ill 

v»u***Va.r' 

1 40 ' 

With lOKc sampling rate, all the harmonics will be heard with¬ 
out foldover up to a fundamental frequency of about 400Hz. 
2)brief and high notes played on instrument §2. (duration 
<.2s ,frequency >250Hz) 


#301 
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This instrument is similar to Instrument #1 except :hat the 
waveshape is given by P2, wiiich consists of only 7 iiarmonics. 

: A»'"tpl»Cu#U. ^ 

I I I I J I I t -- y <brvt«.ovC< 


3)long and low notes played on instrument #3. (duration >2s. 


frequency >250Hz) 


This instrument is similar to instrument #1, but hero the 
amplitude is controlled by . 



5f3L 


P4 decays exponentially from 1 to 2*’^=l/64. Thus the duration 
of the note corresponds to 6/10 of "reverberation tim3" (time 
for the level to drop 60 db). In this example, "long^ notes 
last between about .4 and .Ss, and this would correspond to 
a "reverberation time" of the order of Is, which is shorter 
than that of a real piano (around Is at 2000Hz, around 10s 
at 200Hz). (However, in real pianos the initial decay rate is 
higher, thus the discrepancy is not as large as it would seem 
from these data.) 

4)long and high notes played on instrument #4. (duration >.2s, 
frequency >250Hz) 

This instrument is similar to instrument #3, but the waveshape 
is given by F2, as in instrument #3. 
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C0MHEN7 SllCS ON TAPE P1485; ^ 30l 

commem:bpief notes; 
comment:low notes; 

INS 0 i;OSC P5 P7 B3 F3 P30:0SC B3 P6 B3 FI P29;OlJT B3 B1;END; 
COMMENTZHIGH NOTES.* 

INS 0 ?;OSC PS P7 83 F3 P30;0SC B3 PS B3 F2 P29;OUT B3 BIZENO; 

commentzlong notes; 

COMMENTZLCW NOTES; 

INS 0 3;osc PS P7 B3 F4 P3o;osc 33 PS B3 FI P29;ouT 83 8i;eNo: 
NTZHI6H NOTES; 

INS 0 4;0SC PS P7 B3 F4 P30;0SC B3 PS 83 F2 P29:0UT B3 BUENO; 
SIA 0 4 icoco; 

C0 »-menT ^ETRONOHE MARKING 150;SV2 0 2 30;SV2 0 30 0 150 15 150; 
CO*«MENTZLO NOTE WAVE.* 

gen 0 2 I .158 .316 1 1 .282 .112 .0S3 .079 .126 .071 lO; 
COMMENTZHT NOTE WAVE.* 

GEN 0221 .282 .089 .1 .071 .089 .050 7; 

commentzshort note envelope; 

GEN 01301 .999 10 .4 200 .2 400 0 512; 

COMHENTZLCNG NOTE ENVELOPE; 

GEN 054-6; 

NOT 1 3 1 .66 3CC 104 UNOT 1 3 1.66 300 175 i; 

NOT 1 3 1.66 300 233 i;N0T 1 4 1.66 300 277 i; 

NOT 1 4 1.66 300 330 i; 

NOT 1.5 3 1.16 250 2C7 1;nOT 1.5 4 1.16 250 349 i; 

NOT 1.5 4 1.16 25C 440 UNOT 1.5 4 1.16 250 554 i; 

NOT 2.66 I . 34 300 104 UNOT 2.66 1 .34 300 175 i; 

NOT 2.66 1 .34 30C 233 UNOT 2.66 2 .34 300 277 i; 

NOT 2.66 2 .34 300 330 i; 

NOT 3 3 1 400 207 UNOT 3 4 1 400 349 i; 

NOT 3 4 1 400 440 1;nOT 341 400 554 i; 

NOT 4 3 P 250 1C4 1;N0T 432 250 147 i; 

NOT 4 3 2 250 165 UNOT 4 3 2 250 196 i; 

NOT 4 3 2 250 233 1 I 

NOT 5 3 1 300 207 1;N0T 541 300 294 i; 

NOT 5 4 1 300 330 i;N 0T 541 300 392 i; 

NOT 5 4 1 300 494 i; 

NOT G 3 1 .66 300 104 UNOT 6 3 1.66 300 175 i; 

NOT 6 3 1.66 300 233 UNOT 6 4 1.66 300 277 i; 

NOT 6 4 1.66 300 330 1; 

NOT 6.5 3 1.16 250 207 1;nOT 6.5 4 1.16 250 349 i; 

NOT 6.5 4 1.16 2SC 440 1:N0T 6.5 4 1.16 250 554 1* 

NOT 7.66 1 .34 300 104 1;N0T 7.66 I .34 300 175 i; 

NOT 7.66 1 .34 300 233 1;N0T 7.66 2 .34 300 277 i; 

NOT 7.66 2 .34 300 330 i; 

NOT 8 3 1 400 2C7 1;N0T 8 4 1 400 349 i: 

NOT 841 400 440 U 
NOT 8 4 1 400 554 1 .* 

NOT 9 3 2 250 104. i;NOr 9 3 2 250 147 i; 

NOT 9 T 2 250 165 UNOT 9 3 2 250 196 i; 

NOT 93? 250 233 ll 

NOT 1C 1 1 300 207 UNOT 10 4 1 300 294 i; 

NOT 10 4 I 300 330 UNOT 10 4 1 300 382 i; 

NOT 1C 1 300 494 i; TER 15; 

SUBROUTINE CONVT 

COMMON IP(lC)fP(100)*6(1000) 

IF(P(1).NE.1.IGOTOIOO 
FrSll ./G(4) 

0(6)rF*P(6) 

P(7 )-F/P(i| ) 

IOC RFTL'RN 
ENO 
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#400 


This run gives a few percussive sounds reminding of a 
drum—with and without snares. The 1st and the 3rd sections 
are played back at a sampling rate of 2 O 3 OOOHZ, and the 2 nd 
section is played back .at a sampling rate of 5000Hz, as 
specified in the score. 


Instrument #1 is used to generate these percussive sounds 
(it is also used in example #4l0). It is diagrammed below: 



This instrument gives a sound which is the sum of a 
frequency band, of a sine wave and of an inharmonic spectrum. 

The frequency band is generated by random amplitude 
modulation of a sine wave FI. The center frequency is given 


by VI*, the half bandwidth by V2*. The envelope is given by 


function F2, which 
decays exponentially 
from 1 to 2 ~^^. 




* third-pass variables 
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P4 is a sine wave—it is the lOth harmonic of the 
fundamental frequency specified in P6. Thus if P6 = 20, 
the actual frequency of this sine wave is 200. The envelope 
is given by function P8, which decays exponentially from 
1 to 2"®. 

The "inharmonic" spectrum is, in fact, an approximation 
to an inharmonic spectrum, obtained by playing a wave con¬ 
taining only high order harmonics at a very low frequency. 

P3 comprises harmonics #10, 16, 22, 23^ thus with a funda¬ 
mental frequency (specified in P6) of 20, this will give 
component frequencies 200, 320, 440, 460. The envelope is 
controlled by P2. 

The amplitudes for the noise band, the sine wave and 
the inharmonic spectrum are given respectively by P5, V3* 
and V4». 

Section 1 gives the following pattern 

i i II . 


played with a snare-like effect given by a noise band cen¬ 
tered at 4000Hz and of 3000Hz bandwidth. The sine wave 
component has frequency 200Hz. 


* third-pass variables 
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Section 2 gives the following pattern 



played "without snares”: there is no noise band (P5=0). 
The four pitches correspond to fundamental frequencies of 
120, 140, 150, and 160 Hz. 

Section 3 gives the following pattern 



played again with snares. 


A 



^ 400 


C0MMENT:0RUH and snare ORUH on tape M3586 FIIES 2 3 85 
comhent:to skip file i;gen obi; 
commentisnare; 

COMMENTS KC CENTER 3 KC BAND NOISE 200 H2 SINE AND MEHBRANE SPECTRliH; 
cohment: 2 o KC sampling;sia 0 ^ 20000 : 
cdmment:for druh; 

INS 0 i;0SC PS P7 B3 F2 P30;RAN B3 V2 83 P29 P28 P27; 

OSC B3 VI B3 ri P2S:0UT B3 Bi; 

DSC V3 P7 B4 rz P25;SET P8:OSC B4 P6 84 F3 P24;0UT 84 81* 

OSC V4 P7 B5 F8 P23;SET P9;0SC 85 P6 85 F4 P22:CUT 85 BlIENO: 

GEN 02111 ; 

GEN 072 - 12 ; 

GEN 0 4 3 1 10 0 I S12 1.5 16 0 1 512 2 22 0 I 512 1.5 23 0 I 512 .* 

GEN C 4 4 1 10 0 1 512 ; 

GEN 01701 .99 5 0 100 0 5121 
GEN 078-8? 

SV3 0 1 100 65 300 800? 

NOT .4 1 .2 ICOO 20 0 ; 

NOT .B 1 .2 1000 20 0? 

NOT 1.1 1 ,15 1000 20 0 ; 

NOT 1.2 1 .2 1000 20 0? 

NOT 1.6 1 .2 1000 20 0? 

NOT 1.9 1 .15 1000 20 0? 

NOT 2.0 1 .2 1000 20 0? 

NOT 2.4 1 .2 1000 20 0? 

NOT 2.8 1 .2 1000 20 0? 

NOT 3.1 1 .15 1000 20 0? 

NOT 3.2 1 .2 1000 20 0; 

NOT 3.6 I .2 1000 20 O; 

NOT 3.9 1 .15 1000 20 0? 

NOT 4.0 1 .2 1000 20 O: 

NOT 4.4 1 .2 1000 20 O: 

NOT 4.8 1 .2 1000 20 0? 

NOT 5.2 1 .2 1000 2C O; 

NOT 5.6 1 .2 1000 20 0? 

NOT 6.0 1 .25 1300 20 O; 

SEC 8; 

copment:tg write end of file nark; gen c 5 o: 
comment:orun;comment:5 kc sampling;sia o 4 5000 ; 

COMNENTrMEMBRANE SPE C TRljM *SINE WAVEtNC NOISE BAND? 

SV3 0 1 7,5 2.5 500 1500? 

NOT .4 1 .3 0 12 0;N0T .E 1 .2 0 16 O; 

NOT 1.07 1 .2 0 12 o;nOT 1.2 1 .2 0 16 0? 

NOT 1.6 1 .3 0 12 C;NnT 2.0 1 .25 0 14 0? 

NOT 2.4 I .23 0 15 0? 

NOT 2.6 1 .27 0 15 O; 

NOT 3.07 1 .23 0 15 O.-NOT 3.2 1 .23 0 15 0? 

NOT 3.E 1 .23 0 15 C: 

NOT 4.0 1 .23 0 15 O; 

SEC g; 

COMHENTtro WRITE ENO OF FILE MARK? GEN 050? 
roMMENirsNARE DROP;coPMENT:20 KC sampling;sia 0 4 20000; 

GEN 072 -12; 

GEN 01701 .99 5 C 100 0 512? 

GEN 078 -a; 

SV3 0 1 100 65 30C COO; 

NOT .4 1 . 15 1000 20 O.’NOT .6 I .2 1000 20 0? 

NOT 1.07 1 .2 1000 20 O; 

NOT 1.2 1 ,2 1000 20 O; 
not 1.6 1 .2 1000 2C o; 

NOT 2.0 1 .2 1000 20 O; 

NOT 2.4 I .25 1200 20 0;NaT 2.9 1 .15 1000 20 0? 
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^ 400 


NOT 

3.0 1 

.15 

1000 

20 

0 : 

NOT 

3.1 1 

.15 

1000 

20 

0 ; 

NOT 

3.2 1 

.20 

1000 

20 

0 : 

NOT 

3.55 1 

.15 

700 

20 

0 ; 

NOT 

3.G 1 

.2 700 20 

0 : 


NOT 

4.0 1 

.15 

800 

20 

0 ; 

NOT 

4.0G 1 

. 15 

800 

20 

0 ; 

NOT 

4.13 1 

.15 

800 

20 

0 ; 

NOT 

4.20 1 

. 15 

800 

20 

0 ; 

NOT 

4.27 1 

.15 

800 

20 

0 ; 

NOT 

4.33 1 

.15 

800 

20 

0 ; 

NOT 

TCP 

4.4 1 

G • 

.22 

1200 

20 

0 ; 


SUBROUTIKF CONV7 

common IP(10)tP«lOO)fG(lOOO) 

IF(Pf 1 ) .NF.1.)GOT01OO 

FrSl1./GI4) 

P(G)rF*P<G) 

PC T)-r/PC 4 ) 

IFCPI 3).F0.1*)60Tai00 

p(6)-p(G)*6( in 

100 PFTIIRN 
FNO 
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This run gives a few percussive sounds. The two first 
sections are played back at a sampling rate of 5000Hz, while 
they have been synthesized with a specified rate of 10,000Hz: 
hence, for these two sections, the durations are the double 
and the frequencies are the half of those specified in the 
score. The two last sections, giving two bell-like sounds, 
are played back at sampling rate 10,000Hz and the frequencies 
and durations are as specified in the score. 

Instrument §1 is used to generate the percussive sounds of the 
two first sections. It is diagrammed below: 



This instrument gives a sound which is the sum of a 
frequency band and of an inharmonic spectrum. This sound 
decays exponentially. 

The frequency band is generated by random amplitude 
modulation of a sine wave FI. The center frequency is given 
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~ 3 - 

Instrument #2 is used to generate 
frequency components of bell-like 
ia a sine wave. Function F7> 
controlling the envelope, 
decays exponentially from 1 

_7 

to 2 . The lowest component 

frequency is specified in the 
score by Vll (Pass II variable); 
in a component note card, P6 
specifies the ratio of the frequency of a component to the 
frequency of the lowest component: C0NVT multiplies P6 by 
Vll. (E.g., if the components were harmonically related, 
the P6 would be 1, 2, 3 ••-) 

Section 1 includes 3 sounds of actual duration .8, 2, 
and 4s played on Instrument #1, first with spectrum 1, then 
with spectrum 2, with a fundamental frequency of 50Hz. 

Section 2 includes 3 sounds of duration l8, 2, and 4s 
played on instrument #1 with spectrum, with a fundamental 
frequency of 150Hz. 

Section 3 gives a bell-like sound played with instru¬ 
ment #2. It consists of 7 components of frequencies 
proportional to 1, 2, 2.4, 3, 4.5, 5.33, 6 having different 
decay times. The lowest component is at frequency 329. 

Section 4 gives a bell-like sound played with instru¬ 
ment #2, consisting of only 4 components. 


inharmonically related 

sounds. The waveshape FI 

^5 N Pg 
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T rPFPcussinK: 
comment: in or mut?; 
rnMMFNTrrnR drum; 




lN<; 0 i;osc 05 07 f? P30;ran rt v? B3 P2b p2r p 27; 
osr P3 VI R3 Fi P26;PMT R3 Ri: 


ore V3 07 R4 *^2 P25;SrT P8:nsc R4 P6 04 F3 P24;aUT R4 Ri; 

O^r- V 4 P 7 45 PQ P?^;$PT PO;nSC R5 P6 B5 FM P72;CUT R5 BWFNO? 
^V3 0 1 40 500 500 : 

iNr 0 ?;nsc os 07 03 ft P30;nsc B3 P6 R3 FI P29J0UT B3 8 i;end; 
GFN 0 ^ 1 1 1 rRFM 0 7 2-7: 

CnMWFNTTFOR SorCToUM i: 


OCN 0 4 3 i 10 0 1 512 l.S IF 0 1 512 2 22 0 1 F12 1.5 23 0 1 512; 

OEM 0 4 4 1 25 0 1 512 .5 29 0 1 ^i2 .2 32 0 i 512: 

CnMMFNTrFCP SPrCTRlfM ?; 

GEM r U C i ic, f) I 512 1 20 0 1 512 1 22 0 I 512 2 34 0 1 512 

1 3P r 1 512 1 47 0 1 51?: 

GEN 0 4 5 2 50 0 1 51? 1 53 0 1 512 1 65 0 1 512 1 70 0 1 5l? 

1 75 r 1 51? 1 77 O 1 512 1 ICO 0 1 512; 

GEN 077 -o;GFN 0 7 r -I?: 

COMMFKT :DRUM; 

CnMMENTlFREOUFNrY lOO hZ at lO KC sampling rate? 
coMMFNTrsPFrTPijHi; 

K'o^ 1 1 .4 son 10 o:NaT 2 1 I 500 10 o; 

NOT 1 2 SCO 1C o: 

comment*SOFCTPUM ?; 

NOT r 1 .4 r;oo iO 0 5 B.'^OT 7 1 1 500 IC 0 5 6; 

NOT o,c 1 2 son m 0 5 f; 

FFC 1?: 

COMmenTTFRFOUFNCV 300 h2 spfctrum ?; 

NOT 1 1 .4 Foc 30 o.'NfT ’ll ^no 30 c; 

NO^ -^.5 1 2 500 ■'0 o: 


SFC F ; 

CnMMENTTRFLL LIKF SntJNnS: 

COMMENT ILOWEST frequency 329; SV2 C 11 329; 

NOT 1 2 3 200 1 0;N0T 1 2 2.8 200 2 0;N0T 1 2 2.7 200 2.4 o; 

N^T 1 2 2.4 200 3 0;NnT 1 2 2.2 200 4.5.0;NnT 1 7 2 300 5.33 C; 
NOT 1 2 1.5 300 F O: 

SEC F ; 

NOT I 4 400 1 o;not I 2 3.5 400 7 o;nqt 1 2 3.2 400 2.5 o: 

MOT 1 2 2.9 400 3.36 O; 

TEP 7; 


SURPQUTTNF CONVT 

common iP(ic».Piior)fG(iooo) 

IF(P(I).NF.1.IGOTniOO 
Fr«^ ll./G(4) 

P(S)rF*n(6> 

P(7)rF/P(4 ) 
ir(p(3).Fo.i.)onTnioo 
P(F >rP(F)♦G C 11 ) 

100 priUt^N 
r wn 
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This run gives some more percussive sounds, with the 
instruments and functions described for #4l0. Here the 
sampling rate for playback is 10,000Hz, as specified in the 
score. 

1st section gives 6 sounds of increasing pitches played 
on instrument #1 with spectrum 1. 

2nd section is similar to 1st section, but with spec¬ 
trum 2. 

3rd section gives 3 sounds of increasing durations and 
decreasing pitches with spectrum 1. 

4th section is similar to 3rd section, but with spec¬ 
trum 2. 

5th, 6th, and 7th sections give 4 bell-like sounds 
played on instrument §2. 
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CnHMENT! P'-RCUSSTON: 
rnMMrN'Trrnp ORU^: 

IN^ n i;asc P5 07 R3 P? P30:RAN B3 V? B3 P29 P 2 B P27; 

o^r P3 VI R3 Pi P26:nnT P3 Bi; 

n<;c VT P7 R4 ^^2 P25;S*^T P8:nsc B4 P6 R4 F3 P24;0UT B4 Bi; 

QCr V4 P7 R5 PS P?3tSPT PB;nSC B5 P6 05 F4 P72;0UT P5 BlTPhO; 

0 I 50 40 500 500: 

chmmfNT rPCR ePLL5 : 

iN5 0 •?;asc 05 07 ^3 f 7 P30:risc 83 P6 b3 FI P25-0UT B3 bi;eno: 

GFN 0 1 1 1 :GPN 0 7 2 -7; 

CORMFNTtFOR SOFCPRUH i; 

TEN 0 4 3 1 1C 0 1 512 1.5 IF 0 1 512 2 22 C 1 512 1.5 2? 0 1 512; 

GFw n 4 4 1 25 0 1 512 .5 23 0 1 5i2 .2 32 0 l 512; 

CnMHFKTrrcP 5PFC7RU*- 27 

GEn 0 4 5 1 ic 0 I 512 1 20 0 1 512 1 22 0 1 512 2 34 0 1 512 
1 3« r 1 512 1 47 0 1 517; 

gem 0 4 c 2 50 0 1 512 1 53 0 l 512 1 65 0 I 512 1 70 0 1 512 

1 7«: r 1 512 1 77 0 1 512 1 ICO 0 1 512: 

GEM 0 7 -a;r;FN 0 7 8 -12; 

roMMFNTrnPUM; 

Cnw^'EMTtRRirF SOUNDS SPECTRUM i; 

WOT 1.2 1 150 5.P 334 ; 

l.R 1 .2 150 3.8 O; 

NOT 2 1 .4 150 13.R 0 : 

MOT 7.q 1 .3 150 22 0 : 

MOT 3.*: 1 .3 150 31.1 0 ; 

MOT 3.8 1 .2 150 43.3 O; 

SFC ^ : 

COH^'EMTtRR IFF SOUNDS SOfCTPUM 2 : 

Mr»T 1.2 1.5 150 5.8 356; 

NOT 1.9 1 .2 150 3.8 0 ; 

MOT 21.4 150 13.® 0 ; 

NOT *>.9 I .3 150 22 0 ; 

MOT T.c: 1 ,3 isr 31.1 0 : 

NOT 3.9 1 .2 150 43.3 0 ; 

SFC ; 

commenttlongfr sounds spectrum i; 

NOT 1 1 1 150 22 0 3 4 ; 

NOT 2 1 2 500 13.3 O: 

NOT 4 1 4 8C0 5.8 o; 

SEC 10 ; 

COMMEKTrLCNGFR SOUNDS SPECTRUM 2 ; 

NOT I 1 I 150 22 0 5 6; 

NOT 2 1 2 500 13.3 n; 

NOT 4 1 4 son 5.8 0 ; 

SFC K; 

9ri_LS; 

COMMFKT iFREQUFNCF FALE 1C4;SV2 0 11 104 ; 


NOT 

1 

2 

2 400 1 

o;mot 1 

2 

1.7 

400 

1.5 o;not 

1 

2 1.5 400 2 0; 

NOT 

1 

7 

1.3 400 

2.7 o;npt 

1 2 

1 . 1 

400 3.3 

0 

7 


NOT 

5 

7 

3 200 1 

0; 








NOT 

5 

2 

2.8 200 

1.65 0; 






uni F 2 2.M 200 2 0; 

NOT 

5 

2 

2.7 200 

2.10 0; 








NOT 

5 

2 

2.1 2PC 

3.54 n;NDT 

5 

2 2 

20c 4.37 

c 

:nCT 5 2 1.5 200 5.33 0: 

^EC 

10 

; 










NOT 

1 

7 

3 200 1 

0;NnT 1 

2 

2.8 

200 

2 o;not 

1 

2 

2.7 200 2.4 0: 

MOT 

1 

2 

2.4 200 

T 0; MOT 

1 

2 

2.2 

TOO 4.5 0 

• 1 
t 

not 

122 300 5.33 o; 

M'^T 

1 

2 

1.3 300 

6 c: 








SEC 

c:; 











NOT 

1 

7 

44001 

OrNnj 1 

2 

3.5 

4''n 

2 o:not 

1 

2 

3.2 400 2.5 0 ; 

fct n T 

1 

7 

2.3 400 

3.36 r: 








TEP 

7; 
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SUR’50UTTNF rONVT 

CrHPON 7PI1C)tPIiOO)f6(1000 ) 

iF(p(i).Nr.i,if;nTnioo 

Fr*^ll./G(4) 

o(fi)zF*oCF) 

PI7)rr/P«a) 

IF(P< 3)•rQ.l^innTniOO 
P(F)zPC c )*G (ill 

ion ofturn 
tmo 
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This run gives percussive sounds reminding of gong sounds. 
There is a separate note card for each frequency component 
of the sound; all components are generated by instrument #1, 
diagrammed here. 

The waveshape FI is a sine wave. 

Function F2 controls the envelope; 

F2 is decaying exponentially from 1 
-7 

to 2 . The component frequency is 

given by P6* its initial amplitude 
by P5 and the duration of the decay 
by P4*, duration of the note. 

The frequencies of the components are not harmonically re¬ 
lated. 

In the first sound, all frequency components decay 
synchronously. The spectrum is thus invariant; the effect re¬ 
minds of an element of an electronic chime. 

In the second sound, the same frequency components have 
a decay time approximately Inversely proportional to their 
frequencies (although this principle is not followed inflexibly, 
to give a more intricate decay pattern). The sound has more 
life and natui’alness than the first one. 

The following sound consists of different frequency 

* This run has been computed with a sampling rate of 20,000Hz, 
but the sound example presents it played back with a sampling 
rate of 50C0Hz. Hence actual durations correspond to 4 times 
the values .indicated in P4; actual frequencies correspond to 
.25 times the values indicated in P5. 


Pr P7 




#^20 

- 2 - 


components with non-synchronous decay. 

Then follow four partly overlapping sounds of the same 
type; the beating of close components gives some warmth to 
the sound. 
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Cn^‘HE^T:GCNG LIKE SOUNDS? ^ ' 

C0MMENT:RUN 2 on tape M3282 file 2;GEN 051# 

INS 0 i;OSC PE P7 B3 F2 P30;0SC B3 P6 B3 FI P29:CLT B3 B1:EN0: 
comment: play at a sampling rate of 4000 hz; 

Comment:origikal sampling rate 2000c hz; sia 0 4 20000; 

COMMENTIPLAY AT A SAMPLING RATE OF 5000 HZ? 

C0MMENT:HENCE durations multiplied by 4f FPEOLENCIES DIVIDED BY 4? 
GEN 0 2 11 1:GEN 0 7 2 --7; 

commem:fcr demcnstration first note with synchronous decay; 

NOT 1 1 2.5 300 960 OINQT 1 1 2.5 250 1110 0;N0T 1 1 2.5 200 1540 0? 

2.5 3C0 2420 n;NG7 1 1 2.5 IOC 1360 OJNCT 1 1 2.5 100 268C OJ 
100 3250 o; 


1 1 
112.5 


NOT 
NOT 
SEC s; 

NOT 1 1 2.5 300 360 0;nOT 1 


NOT 1 1 

NOT I 1 


,4 250 1110 o:not 
ICO 136C c;not 1 


2.2 200 1540 O; 
3 100 2680 O; 


NOT 

NOT 

SEC 

NOT 


5 1 
5 I 
£; 

1 1 


.4 30C 2420 0;nOT 1 ! 

1 100 3250 o; 

2 300 S7C 0;NCT 5 1 1.9 250 123C 0;N0T 5 1 1.7 100 1360 0? 

1.2 200 1536 0;n0T 51 .9 100 2048 o;NOT 5 1 .7 150 3280 O; 

2.5 150 960 0:N0T 1 1 2.4 125 1110 0;n0T 1 1 2.2 150 IS40 0? 


NOT 1 1 .8 IOC 2420 OJNOT 1 1 


NOT 


2 5C 1360 0;NOT 1 1 1.3 50 2680 O? 

50 3250 O; 

2.2 200 365 O.’NOT 1.7 1 2.1 150 1050 0;N07 1.7 
100 1210 OJNQT 1.7 1 1.1 100 1260 OJ 
ICO 1540 OTNOT 1.7 1 1.6 ICO 1930 O; 


I 1 1 
NOT 1.7 1 
NOT 1.7 1 
NOT 1.7 1 

1.8 1 2.9 300 970 OJNOT 1.8 I 2.7 250 1230 O; 


1 1 250 1430 0 


1. 3 
1.9 


NOT 

NOT l.R 1 2.6 ICO 1360 0?N0T 1.8 1 
NOT 1.8 1 1.2 100 2048 0:NaT 1.8 1 
not 
NOT 


1.6 200 1536 O; 
1.1 150 3280 O; 


3.2 
3.2 
NOT 3.2 
NOT 

ter 


100 


3.4 150 96C 0:nCT 3.2 1 3.2 125 1110 o; 
3.0 150 1540 0 ;noT 3.2 1 2.1 50 2420 O; 
.8 ICC 136C 0;nCT 3.2 1 1.6 5C 2680 O; 

3.2 1 1.1 50 3250 o; 

8 ; 

SUBROUTINE CONVT 
CCMMQN TP(1C) .PC IOC)fGt 1000 ) 
ir (P(1).NE.1.)GOTQIOO 
F-511./G(4) 

P(6)rF*P(6) 

P C7 )rF/P t ti ) 

RETURN 

END 



This run gives three successive approximations of a bell 
sound. 

There is a separate note card for each frequency component 
of the sound; all components are generated by instrument #1, 
diagrammed here. 

The waveshape PI is a 
sine wave. Function P 2 controls 
the envelope; P 2 is decaying 
exponentially from 1 to 2"*^^. 

The component frequency is given 
by P65 its amplitude by P 5 , and 
the duration of the decay by P 7 - 
(P( 7 ) = P(^)). 

The frequencies of the components do not form a harmonic 
series; however, they are not arbitrarily inharmonic. In most 
actual bells it is attempted to approximate the following ratios 
for the 1st 5 components: .5> Ij 1.2, 1.5, 2 (corresponding for 
example to the following succession of notes: G, G, B flat, D, G 
called respectively hum notes, fundamental, minor third, fifth, 
nominal). Here the frequency ratios of the components are as 

follows: .56, .92, 1.19, 1.71, 2 , 2.7^, 3 , 3.76, ^.07. 

In the first sound, all these frequency components decay 
synchronously. This gives an unnatural sound. 

In the second sound, the components have a decay time 
approximately inversely proportional to their frequencies 


Fir Pr ns 
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(although this principle is violated in one instance where a 
lower component decays faster: this gives a slight bounce a 
little after the beginning of the sound). The sound is much 
more natural, yet still a little dull. 

In the third sound, each of the two lowest partlals is 
split into two components of slightly different frequencies 
(224 and 225 , 368 and 369 . 7 )* This causes beats which add some 
life and warmth to the sound. It is likely that in real bells 
partlals are split into two close components, due to departure 
from rotational symmetry. 





COHMENTIBELL experihents; 

comnent:on tare nm^s file m gen o s 3 : 

COMMENirs KC SAMPLING RATES SIA 0 A SOOOS 

INS 0 ISOSC P5 P7 B3 F2 P30;0SC B3 P6 B3 FI P29;0UT 83 BISBNO: 
COMMENT:TO set general CONVTS SV2 0 10 2 6 -7; 

GEN 0 2 I I i; GEN 072 -lOS 
COMMENTtSTNCHRONOUS DECAYS 

NOT 1 1 20 250 22<l.5 20SN0T I I 20 400 368.S 20; 

NOT 1 I 20 400 476 2CSN0T 1 1 20 250 684 20S 

NOT 1 1 20 220 800 20;N0T 1 1 20 200 1096 20; 

NOT 1 1 20 200 1200 20SN0T 1 1 20 150 1504 20S 

NOT 1 1 20 200 1628 20; 

SEC 2i; 

comment:non synchronous decay; 

NOT 1 I 20 250 224 20;noT 1 1 12 400 368.5 12; 

NOT 1 1 6.5 400 476 G.SSNOT 117 250 680 7S 
NOT 115 220 800 SSNOT 114 200 1096 4; 
i NOT I 1 3 200 1200 3SN0T I 12 ISO 1504 25 

NOT 1 1 1.5 200 1628 1.5S 
SEC 215 

C0HMENT:N0N synchronous decay and TWO SPLIT PARTIALSS 
NOT 1 1 20 150 224 20;NOT 1 1 18 100 225 IBS 

NOT 1 1 13 150 368 13SN0T I 1 11 270 369.7 US 

NOT I 1 6.5 400 476 6.5SN0T 1 1 7 250 680 TS 
NOT 115 220 800 SSNOT 114 200 1096 4; 

NOT 1 1 3 200 1200 3;N0T 1 1 2 150 1504 2S 
NOT I 1 1.5 200 1628 l.SS 
TER 22S 


A-66 



#4^0 


This run gives some drum-like sounds with variable 
frequency (plus a non drum-like sound). 

The sounds are generated by instrument #3, which uses 
among its inputs the output of degenerate instrument §2, 

Instrument #2 is used to effect pitch changes. It is a 
degenerate instrument, the output of which 
goes into B5. Function F2 controls pitch 
evolution. P6 gives the duration of the 
frequency cycle (which for all examples of 
this run coincides with the note duration— 
in fact it is made slightly longer to be sure to avoid a recycling 
of the frequency function at the end of the note. This can 
happen due to round off errors in the increment value, especially 
with computers of 2k bit word length). P5 = 1. 


Instrument #3 comprises 3 parallel oscillators with different 
envelope controls, as shown by the diagram. 



One of these oscillators generates the fundamental of maximum 
frequency l60Hz (F3 is a sine wave.). The amplitude is controlled 






by F6. In all examples given 
here (except the last note) 
the attack time is 10ms or 30ras 
(note this is not a linear 
attack—otherwise these times would be smaller), the "steady" 
state lasts 0ms or 30ms and the decay time is about 1.6s. 

The two other oscillators play waveshapes P4 and F5, which 
comprise high order harmonics of a low fundamental—in order to 
imitate an inharmonic set of partials. (F4 comprises harmonics 
3, 4, 5, 6: with Pll = 75, this oscillator will give frequencies 
225, 300, 375, 450; similarly F5 comprises harmonics 8, 9, 10, 11, 
12, 15, 17, 18,' with Pl6 = 6l, which yields frequencies between 
500 and 1100.) The amplitude are controlled respectively by 
F7 and F8, which insure 
a fast decay for waves 
F4 and F5 (in this 

example, about .6 and a ^ ^ rix 

.3s to decay to 1/1000 of the initial amplitude for all notes 
except the last one). 

The 1st section plays 2 notes with constant pitch—the 2nd 
note has a longer attack and a 30ms steady state for the funda¬ 
mental . 

The 2nd section is similar, but the pitch is going up a 
minor third from the beginning to the end of each note. 

The 3rd section is similar, but the pitch is going up then 
down during each note, since the frequency is controlled eT" 
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function F2 as drawn here. -s 

The 4th section is similar, but the pitch is going down a 
minor third from the beginning to the end of each note. 

The last section gives a note generated with the same 
instrument but with parameters differing very much from the 
previous ones, especially a .9s attack time for wave F5 and an 
attack time occupying practically all the duration (2s) of the 
note for wave F4. This in only to show how easily a computer 
instrument designed for a particular purpose can be used to give 
different types of sound. 
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COMMENT!V4PTA^LF PITCH DPUMS: 

STA 0 i| 5000; 

COMMENTtPnR PITCH VAPIATION# 

0 ?:0^C p? Pf B5 P2 P30:END; 

COMMENTTCOR 3 components; 

INS 0 3;FNV PS FE B2 P7 P8 P9 P30; 

MET PS BS B6;0SC B2 8S 32 F3 P29»0UT B2 9i: 

FNV olO F7 P3 P17 PI? PiA P28; 

MET «>11 05 07;uSC R3 07 B3 F4 P27:QUT B3 Bi: 

FNV PIS rc pq c»27 Pi^ P19 P2g; 

met pis 05 03;00C 34 03 P4 F5 PZSJ OUT B4 BUENOI 
roMMENTrio SET GENEPAi. ccnvt; 

SV2 0 ?o 1 -s: 

E 107 n 112 16 117; 


: 0 1 1 .3 .2 s; 

10 - I 512 13 0 1 512 5 10 0 1 512 

I? ' K: 0 1 51? 3 15 0 1 512 2 17 0 1 512 1 18 0 1 512; 

I envfe'I'^e; 

ic .jj .6 ic; 

i .OO .90 24; 

3 .99 .99 4 C; 

,!STAM pitch; gen O l 2 .99 I .99 512; 

» 3 1 I . G 3 : 

NOT 1 3 1.62 1000 160 .310 0 1.6 600 75 .010 0 1.61 300 61 


SV2 

o 

31 

SEN 

0 

2 

SF^’ 

r 

7 

SEN 

n 

4 

? 11 


r 

rr^MMCNT : 

SEN 

0 

6 

GEN 

0 

6 

GEN 

0 

6 

comment 

NOT 

1 

2 

NOT 

1 

3 

NOT 

T 

o 

NOT 

3 

3 

SFC 

s 

• 

comment 

NOT 

1 

2 

NOT 

1 

3 

NOT 

7 

7 

NOT 

3 

3 

SEC 

S 

. 

COMMENT 

not 

1 

2 

NOT 

1 

3 

not 

3 

2 

NOT 

3 

3 

SFC 

s 

• 

comment 

not 

1 

2 

not 

1 

3 

NOT 

3 

7 

NOT 

3 

3 

SFC 

c 

; 

COMMENT 

NOT 

1 

7 

NOT 

1 

3 

Tr P 

4 

; 


sr> inor .030 0 1.6 600 75 .010 0 1.65 300 61 

A 30 .85 i; GEN 0 I 2 .85 I .99 512; 

-.Z 1 1.63; 

D? lOOC 160 .010 0 1.6 600 75 .010 0 1.61 300 61 
2 1.7 1 1.7; 

NOT 3 3 1.65 1000 160 .030 0 1.6 600 75 .010 0 1.65 300 61 
SEC s; 

CnMMENTtnSCiLE pitch; gen 0 2 2 .1 .9 i; 

NOT 1 2 1.63 1 1.63; 

NOT 1 3 1.6? ICOO 160 .010 0 1.6 600 75 .010 0 1.61 300 61 
not 3 2 1.7 1 1.7; 

NOT 3 3 1.6S ICOO 160 .030 3 1.6 600 75 .010 0 1.65 300 61 
SFc s; 

comment tnOwN A MINGP 3D; gen 012 .99 I .85 512; 

NOT 1 2 1.6:» 1 1.63; 

NOT 1 3 1.62 loot 160 .010 0 1.6 600 75 .010 0 1.61 300 61 .010 0 
NOT 3 2 1.7 1 1.7; 

NOT 3 3 1.G6 lOOC 160 .030 0 1.6 600 75 .010 0 1.65 300 61 .010 0 
SFC 5; 

COMMENT:^^aT<" with mhn realistic parameters; 

NOT 1 ? 2 1 ?; 

not 1 3 2 1000 160 .010 0 1.95 600 75 92 0 1.9 800 61 .9 0 .8; 


»010 0 
»010 0 

.010 0 
.010 0 

.010 0 
.010 0 


1.61; 

1.65; 

i.6i: 

1.65; 

1.61: 
i.6s; 

i.6i; 

i.6s; 
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#490 

This example presents a fragment obtained through mixing 
from runs #200, 301, 400, 4l0, and three other runs. 

Three of the original sounds (excerpted from #200 and #410) 
underwent transposition by speed changing before mixing, the 
others did not undergo electroacoustic madlflcation (except of 
course amplitude control). Some tape splicing was Involved to 
excerpt single sounds from #200 and #4l0 and to place each 
element at the proper time. A chart of the beginning of the 
mixing is given. 

As can be heard, the synchronization if not bad; with good 
tape recorders, it seems easy most of the time to achieve 
satisfactory synchronization up to durations of 30s to Imn. 

In connection with this, it should be noted that tape recorder 
speeds often go down substantially, due to changes in tape 
tension, when one approaches the end of a reel (this has been 
studied by F. Harvey and J. McLean). 

The runs used in this episode and not presented among the 
previous examples are briefly described below: 

(1) a cluster of sinusoids, forming the 
following chord: 

together with two brief episodes 
played by a simple Instrument with 
feedback (c.f.,#510), and noted 
as follows: 
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(2) a run analagous to- #301, but where the spectra are 
gradually moved from a low region (below aroung 600Hz) to 
a higher region (between-about 500 and 2500Hz) by means 
redefining the functions giving the waveshape in the course 
of the run; 

(3) a run analagous to the 2nd section #4l0, but with a lower 
pitch (frequencies about twice lower) and a regular beat: 

—i—j J j __ ... 

The remarks mentioned for #512 apply to this example. 
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This run presents what might be called a "spectral 
analysis of a chord": for each note of the chord, successive 
harmonics are gradually Introduced. This is performed auto¬ 
matically by subroutine PLPS, listed with the score and 
described below. The example is In stereo, with a sampling 
rate of 20,000Hz for each channel; it is played backwards, 
because it was desired to terminate on the fundamental notes 
of the chord. (This can be done also by using negative values for TS.) 

PLF3 is a first pass subroutine, called by the following 
data statement: 

P(l) P(2) P(3) P(4) P(5) P(6) P(7) P(8) 

PLP 3 NC N TS PACT DD 

Time 

It operates on a number of subsequent note cards, and this 
number is specified by NC: e.g., if .NC=4, PLF3 will operate 
on the h note cards following the PLF data statement. The 
instrument number has to be 1 or 2, and these Instruments 
must be such that P(6)* gives the note frequency F. PLF3 
will add to each note card it operates on N note cards of 
frequencies 2F, 3F, ..., (N+1)F, played alternately by instru¬ 
ment number 1 and 2. If the action time of the original note 
card is AT, the action times of the added note cards will be, 
respectively, AT + TS, AT + 2TS, ..., AT + NTS. In examples 
^500 and #501, the instrument 1 and 2 give the same tone 

quality respectively in the left and the right channel. This 
* 

From now on, the P fields refer to note cards P fields—the P 
fields of the PLF3 data statement are referred to as NC, N, TS, 

FACT, CD. 
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alternation between Instrument can be used as well, for 
instance, to get alternate harmonics of different timbres 
or intensities, 

PLF3 provides for a multiplication of P(5) by FACT 
from one harmonic to the next, (If FACT £ 0, P(5) is left 
the same.) This can be used for example to increase (or to 
reduce) the amplitude by a constant factor from one harmonic 
to the next. 

Finally, the successive harmonics note durations are 
related to the fundamental note duration D by D-DD. If 
DD=0, they have the same duration as the fundamental, as in 




5“^ 

AF 

F 


the figure: 

The total duration 
of the sound is given 
in this case by D + N x TS. 

0 TS P 

If DD=TS, the pattern is as on the figure. In this case 
the total duration 
of the note is 
equal to D. 


fci 




f 


-y 







Care must be taken to avoid negative durations if DD>0. (DD 
can as well be negative, to give harmonics lasting longer 
than the fundamental.) 

In example # 300 , PFL3 is applied to the note of a chord 


noted: 






~>f — 
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A different PLP statement is used for each pair of bracketed 
notes: ^ harmonics of group 1, 8 harmonics of group 2 and 

10 harmonics of group 3 are generated—at different rates, 
such that the overall duration is the same for all groups. 
(Actually the very end of the sound—which becomes the 
beginning since the example is played backwards—has been 
cut out.) All notes are played by instrument #1 or #2, which 
are identical, except that 1 plays into the left channel and 
2 into the right channel. Instrument 1 is diagrammed here. 



generator is multiplied by itself (which yields the dotted 
curve) . 
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CnMMENTrSPPCTTAL ANALYSIS OF A CHORD TO 8E PLAYED BACKWARDS; 

CDPHCNTriAPE “lOBN FILE 2 ;comment:to Skip first file’.gen o s i: 


5~oo 


comment:6 sharp o 
rnM^EKTIPARABCLlC 
INS 0 i;OSC PS P7 
STP P4 VI B 1 ;eko; 
TNS 0 2;OSC P5 P7 

str VI R4 B i;ekd; 
SEN 0211 i;gen 

G SHARP [ 


cnwMrKT: 
°Lf 1 3 
PLF 1 3 

3.75; 

PLF 1 3 

TEP is; 


10 I 0 
8 1.25 


GNATURAL E B A SHARP USE SPECIAL PLF3; 

attack and decay sampling RATE 20000;S1A 0 «* 2COOO; 

B3 r2 P35;NLT 83 33 B4;0SC 34 P6 84 FI P34; 

33 F2 P35;mlT B3 B3 B4:QSC 84 P6 B4 FI P34; 

03202468 10 O; 

G NATLRAL E B A SHARP: 

JNQT 1 1 2 500 208 2:N0T 1.01 2 2 500 294 2; 

0:k0T 1 1 3.75 5C0 392 3.75;nOT 1.01 1 3.75 50C 658 


2 4 2.5 1;nOT 1 1 7.5 500 988 7.5;nCT 1 1 7.5 500 1865 7.5: 


Sl'RPOlTTKE CONVT 

rnMvoN iP(10).PC 100).Gc1000) 

IF(FC1).NE.1.IGCTGIOO 

Fr5ll./G(4) 

P(5 )rS0RT<P<5) ) 

P(6)rF*Pl5) 

P(7)rF/P(7) 

100 return 

END 


CPLF3L31 PLF3 FOR LBI 

c generatfs harmonics uith alternating instruments 
C operates on note CAROS OF insts 1 and 2 
C P(5) amplitude*0(6 ) FREQUENCY ON NOTE CARPS 

C ON PLF CAROf P(4) SPECIFIES HOW MANY FOLLOWING NOTE CAROS WILL 

C RE PPEPATED on 

C P(5) GIVES THE NU**R£R OF HARMONICS GENERATED 

C P(F) SPECIFIES TIME SEPARATION BETWEEN HARMONICS 

C P(7) SP':CIFTES the AMOlIUDE MULTIPLIER FROM ONE HARMONIC TO NEXT 

C P(8) GIVES THE DURATION DTMINLTICN FROM ONE HARMONIC TO THE NEXT 

SU3P0UTTNE PLF3 
common IPllC)*Pll0C)tD«2000) 

NCrP(4) 

NrO(5 ) 

TSrP(6) 

FACTrP(7) 


0nrO(e ) 

DO 1 T=1*NC 
CALL REAOl 
CALL URITElf1C) 

F=P(6) 

no ? Jr 1 tN 

P(6 )rFLOAT(1 ) ♦F 

P(?)rP(2)^TS 

C TO change INSTS NUMBER FROM 1 TO 2 ANO VICE VERSA 

ATNSTrP(3)-l. 
rF(AlNST)3.5f4 


P(3 Jr2. 
G0T05 


P I 7 )r 1 . 

5 CONTINUE 

TF(FACT.GT.C.) PC5)rP(5)’>FACT 

o(4)rP(4)-Dr) 

7 CALL WPTTEl(ICJ 

1 CONTINUE 

inc PETLRr 

EfT 
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This run is similar to #500: the same harmonics from 
notes of the same chord have been generated by PLF3 (c,f., #500) 
(except that a longer portion has been removed from the end of 
the sound—which again becomes the beginning since the example 
is played backwards). 

The difference in tone quality is due to the difference 
in the envelope of each component: : instead of a gradual 
parabolic attack and decay, each harmonic (for the example 
played backwards) has an Instantaneous attack and an exponen¬ 
tial decay, controlled by P?. 



rn'<vrNT:t:PF'~TPAL a^alysi^ of a chord to be played backwards; 


r riv “J 


SHA^’P 0 !3NATURAL E B A SHARP 


USE SPECIAL PLF3; 


■ifS'oi 


r^•'M^^:T:I^sTA^TA^•E':u5 attack exponential decay; 


INS 0 
TNS 0 
rp M r* 
PIF 1 
1 

T.7s; 

ot.F 1 
TP p 1 ‘ 


nsc ^s P7 i)3 P2 P35;osc B3 P6 u FI P34:sTR B4 VI bi;eno; 

;o<;c PT 33 F2 F35:csc B3 P6 .14 FI P34;STP VI B4 B1;EN0; 

I I p 7 2 b; 

7 in 1 1 c;kot i i 2 200 208 2;nct i.ci 2 2 200 294 2; 

? 1.2*^ 1 0;NnT 1 1 3.75 200 3.75;nOT 1,01 l 3.75 500 659 




I 0;NnT I I 7,5 200 983 7.5 ;nOT 1 I 7.5 200 1865 7,5; 


1 on 


Sr^POUTTNS C;)hVT 

TP( 1C) .PCIOO) *S( 1000 ) 
TP ( I ) . \T. 1 . ) SDTOIOO 
n./'*<4) 

7f r ) 

PC^)rF/P(7) 

RF TURN 

rr:r. 


CPLF PLF3 FOP L81 

C CENEPAirs HARKDMCS with ALTERNATING INSTRUMENTS 

C nPEPATES TN NOTE CAPOS OF INSTS I AND 2 

r P(E) A'^-'LITLOE fP(e ) FPFOUENCY ON NOTE CAROS 

C ON ^LF CAPO* P(4) SPECIFIES HOW MANY FOLLOWING NOTE CAROS WILL 

r QF '"PPpaTCD ON 

C P(5) niVFS THE number OF HARHONIcS GENERATED 

C P(E) S=»PLlFTtC TIME SEPARATION BETWEEN HARMONICS 

C P(7) SPCCIFieS THE AMPLIUOl MULTIPLIER FROM ONE HARMONIC TO NEXT 

C P(F. ) GIVES THE ’^UPAIION PTMINUTICN FKCM ONE HARMONIC TO THE NEXT 

SliC'^QUTTNjr r'Lf^ 3 

I P( 1 C I tP C IOC ) fPC 20C0 ) 

Mr T®(a ) 

NzP fS ) 

TSr''<S) 

F A r T z D r 7 ) 
on rP(3 ) 

OP ’ 7Il.^C 
CALL PEAUl 
CALL WRITCl no 
FrPfG) 

? J-1 *F’ 

P< B) -FLCATC1 } ♦F 
PO )rP(2 )>TS 

C TO CMANSE INSTS f4UM3EP FROM I TO ? AND VICE VERSA 

A!N'^TzPr3)-l. 
imiNsn 3.3»u 
Pf 3 ir2. 

r.pTps 

4 nr 1 . 

5 rONTINU*^ 

Tr(FACT.cT.r.) p<s)zP(5)*fact 
^(4)zp(4)>np 

-» TAIL V-7TT‘"J no 
1 cn\TiNu'“ 

l^c PETITS’ 

CNP 
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This sound results from mixing #500 with itself at 
different speeds. The spee-ds have been changed in a way 
equivalent to playing back #500 simultaneously at a sampling 
rate of 40,000Hz, 20,000Hz , and 10,000Hz. (This example, 
in stereo, is again presented backwards.) 

The remarks mentioned in #512 apply here. 



#503 


This sound results from mixing #501 with itself at 
different speeds. The speeds have been changed in a way 
equivalent to playing back #501 simultaneously at a sampling 
rate of ^0,000Hz., 20,000Hz, and 10,000Hz. (This example, 
in stereo, is again presented backwards.) 

The remarks mentioned in #512 apply here. 
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This run gives a bunch of siren-like glissandi. 
Instrument #1 ^ 

This instrument delivers 
a variable frequency sound. The wave 
is a sine wave with feedback 
(a process suggested by 
A. Layzer). The frequency 
controlling oscillator has 
a cycle of 8s(P7) repeated 
3 times. 


pd 



fr ♦ 
-1 






Instrument #2 
This instrument gives a 
noise band with variable 
center frequency. The 
1/2 bandwidth is given 
by P8. The frequency cycle 
lasts 6s(P7). 

Instrument #3 

This instrument gives a v/ave v/ith 
variable frequency. The frequency 
cycle (P7) lasts 12s. The wave 
given by stored function F2 is 
truly periodic, but it simulates 
the sum of inharmonically related 
rartials: the fundamental frequency 




Pr Tr 
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is 20Hz and the wave consists simply of harmonics #21, 29, 39-* 
thus frequencies 420Hz, 580Hz and 780Hz are present. 

F2 is a drastically varying function; to minimize noise 
due to roundoff errors, I0S is used here (This is the version 
of the oscillator which Interpolates between 2 successive sam¬ 
ples whenever the sum of increments is not an integer.). 


Instrument #4 

This instrument gives 

a sine wave with variable 



^ FV 



Note: here the rate at which the frequency controlling 

functions are scanned is determined by P7 (converted 
by P(7)=P/P(7)): it is divorced from the duration of 
the note; in effect these functions are scanned several 
times for one note length. 
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commf:m:sirenf polp mciation: 
coMMENTrrAPC 1779 ; 

CC^MrMrrfEDBACK GLISSANOO; 

INS 0 i;OSC P6 P7 04 P5 PSJAOZ BIO P5 8U; 
CSC p:i B4 bio fi p3o;out bio bi;end; 

COMMENTINOISE BAND GLISSANOO! 

INS 0 2;PAN P5 P8 B4 P30 P29 P28 ! 

OSC PG P7 B5 FG P9;0SC 34 B5 35 FI P27;0UT 
COMMENT riNHARPCMC GLlSSANOd! 


INS 

0 

3 

:osc PS 

P7 94 F7 P8;i0S P5 

84 85 F2 

OUT 

p 5 

Bi ;eno ; 



comment 

rSINES 

GLISSANOO! 


INS 

0 

4 

;osc PE 

PI 94 F8 P8;0SC P5 

B4 B5 FI 

SIA 

0 

4 

10000 ; 



GEN 

0 

? 

111! 



GEN 

0 

4 

2 1 21 

0 1 512 1 29 0 1 512 1 39 0 

GEM 

0 

1 

5 -999 

1 .999 25 .318 231 

.318 281 

GEN 

0 

1 

6 .377 

1 .999 256 .377 512 

! 

GEN 

0 

1 

7 .5 1 

.5 15 .9 241 .9 271 

.5 497 

GEN 

0 

1 

8 .333 

1 .333 8 .999 248 . 

999 264 

not 

1 

1 

24 450 

88C 8! 


NOT 

1 

2 

24 400 

1660 6 200 ; 


NOT 

1 

3 

24 20 c 

20 12 ; 


NOT 

1 

4 

24 70 

2400 3 0! 


NOT 

1 

4 

24 70 

240C 3 128! 


NOT 

1 

4 

24 70 

2400 3 256! 


NOT 

1 

4 

24 70 

240C 3 384! 


TER 

25 

; 





C SIRFNE POUR MUTATION CONVT 

SUBROUTINF CONVT 
COM^'CN IP(IC) #0(100 iGl 1000) 
IF(P(1).NE.1*)G0T0100 
Fr511 ./G(4 ) 

P(S):F*P(5) 

P(7 ) = F/o(7 ) 

IF(P(3)«F3.2,)P(3)=F*P(8) 

100 RETLRN 
ENH 


^ 5-10 

B5 bi;eno: 

P3o; 

P3C!0UT B5 B1 ;EN0 

I 512! 

.999 487 .999 512 
.5 512! 

333 504 .333 512! 
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This run gives a bunch of simultaneous glissandi, played at double 
speed (20,000Hz sampling- rate instead of 10,000Hz), 

1st Section 


Instrument #1 

This Instrument delivers a 
variable frequency sound. 
The wave is a sine wave 
with feedback (a process 
suggested by A. Layzer). 
The frequency controlling 
oscillator has a cycle of 
4.5s, repeated 4 times. 



Instrument §2 
This instrument gives a 
noise band with variable 
center frequency, pit : 
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2nd Section 
Instrument #4 
This instrument gives 
a glissando for six 
"parallel” voices, 
such that there is 
a constant frequency 
difference between the 



voices (instead of a 
constant frequency ratio, 
which would give a constant musical intervalO- This was first 
done by J. Clough. 

Here the glissando is 
relatively narrow. The 
parameters P6, P8, P9, PIO, 

Pll, P12 correspond to an initial 
chord noted: 



t 


r 


It 
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cohhent:glissanoi for lb; 5*1 I 

C0MMENT:0N tape M2804#FILE i; ^ 

cc*^hfm:feepback ; 

TNS 0 i; SET PO; OSC P6 P7 84 F5 P 30; ML T P8 06 B7; A02 P5 37 B8; 
CSC B8 B4 B6 FI P29; OUT B6 Bi; ENO; 

commentinoise band; 

TNS 0 2; 

SFT PB; OSC P6 P7 B4 F6 P30; RAN P5 P8 33 PIO P29 P28; 

OSC B3 B4 B5 Fl P27; OUT B5 Bi; END; 

comment:stmplf glissanoo; 

TNS 0 3; 

set PB; OSC P6 P7 34 F7 P30; OSC P5 B4 85 F2 P29; OUT B5 3i; ENO; 
STA 0 4 loooo; 

GEN 02111: GEN 0 3 2 0 10 0 -10 0 ; 


GEM 

0 

1 

5 .999 

1 .999 

50 .85 

462 .85 512; 

GEN 

0 

1 

6 .9 99 

1 . 999 

20 .235 

492 .235 512; 

GEN 

0 

1 

7 .999 

1 .999 

25 .06 

487 .06 512; 


NOT 1 I 18 300 208 4.S .7; . 

NOT 1 2 16.5 300 440 5.5 80; 

NOT 3.75 2 11 300 880 5.5 150; 

NOT 1 3 17.6 200 1864 2.2; 

NOT 1.7 3 16.3 200 1864 2.2: 

NOT 2.4 3 16.2 200 1864 2.2; 

SEC 2o; 

comment:MULTIPLE SYNCHRONOUS GLISSANOI ; 

TNS 0 4; OSC P6 P7 B4 F8 P24; A02 84 P8 85; A02 B4 P3 B6; A02 84 PIO 87 

A02 84 Pll BS; AD2 84 P12 B9; OSC P5 B4 B4 Fl P30; OUT B4 Bi; 

OSC P5 B5 85 Fl P23; OUT 85 BI; OSC P5 86 B6 Fl P28; OUT 86 BI; 

OSC P5 87 87 Fl P27: CUT B7 Bi; 

OSC «>5 38 88 Fl P26; OUT 88 8I: OSC P5 89 B9 Fl P25; OUT 89 81 ; ENO; 

GEN 0 1 8 .25 1 .25 30 .05 140 .25 200 .25 210 .50 270 .75 290 .05 512; 

NOT 1 4 20 300 10.65 20 4.402 9.420 23.09 39.936 84.836; 

TER 22; 

CGCONVT CONVT FOR GLISSANOI L B 

SUBROUTINE CONVT 
COMMON IPf10)tP(100)fGClOOO) 

IF(P(1).NE.1.IGOTOIOO 
F=512./G(4) 

P(7)=F/P(7) 

IF(P(3).E0.4.)G0T0100 
P(6)=F#P(6) 

IF(P(3).E0.2.) P(8)=F*P<8) 

100 RETURN 
END 
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This example presents sounds obtained by mixing from the 
sound of the 2nd section of run #511 (glissandi with constant 
difference in frequency between voices). 

The original sound, underwent only transpositions by speed 
changing before mixing. What differs from one sound of this 
example to another are both the frequency regions of the 
sounds (low, medium, high) and the density of mixing, that is, 
the number of voices. The densest passage has a mixing density 
of 36 , and since the original sound comprises 6 voices, the 
final sound comprises up to 6 x 36 , i.e., more than 200 voices. 

Theoretically sounds of this example could have been 
obtained directly from the computer, without later manipulation, 
since the sound manipulations performed electroacoustically (trans¬ 
position, mixing) are easy to do with Music V. But this process 
allowed to produce complex textures while saving computer time: 
and it is quite likely that the sound quality of a computer 
run comprising such a large number of voices would be very 
poor, since there are only a few samples for the definition of 
each voice. Moreover this process allows to control the 
amplitude balance of the various components of the mixing. 

It is, of course, subject to well-known inconveniences: noise 
build-up, synchronisation problems (c.f., #^90). 
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This run presents a little more than one octave of an 
"endless glissando", which could be pursued indefinitely since 
it is back to its original point after an octave "descent" 
(c.f., R. N, Shepard, J. Acoust. Soc > Am . 3 36 >1964 ,pp, 23^6-“53; 

J. C. Risset, J.Acoust.Soc.Am .,46^1969> p. 88 (abstract only) 


The gliding sound 
comprises 10 components, 
all generated by 
instrument # 1 , diagrammed 
here. 




rr 



Function F3 controls the frequency of the components. 

It goes down exponentially ^ 

from 1 to 2 ""^^ (10 octaves 

below). For each component, 

the initial sum is specified in P 9 ; the value of these sums 

1 2 

for the different components are respectively: 0 , j^x511, 

•••, ^x 5 ii. Since P 6 , which gives the maximum 

frequency, has the same value 3900 for all components, the 

components are Initially one octave apart. The duration of 

the frequency cycle is given in P7 and is 120s: this means 

120 

that each component goes down an octave after -YfT^l^s—and the 
components stay locked one octave apart, (After one octave 
descent, the lowest component becomes the highest one.) 

Function controls the amplitude of the components. It 
is a bell-shaped curve which consists of a portion of a sine 
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wave with a D.C, bias, * 

if the ordinate scale is 
t in db. (See description 

•^u.io 

of GEN7). For each component, 
the initial sum is specified in P8: the value of these sums 
are the same as those specified in P9, and the duration of the 
amplitude cycle is the same as that of the frequency cycle. 

Thus the component amplitudes scan this curve while their 
frequencies scan the frequency curve. This has the effect of 
strongly attenuating low and high frequency components. (Even 
though the specified P8 and P9 are equal, the two oscillators 
should not share the same P field for the sum.) After one 
octave descent, the pattern is the same as the starting 
pattern (except for errors due to the imprecise definition 
of small increments which cause the duration of the cycle to 
be different from the one expected—this may be severe for 
less than 36 bit word computers. 

Function FI is a sine wave. 

I0S has been used instead of 0SC for the three oscillators 
of the instrument. It gives a truly continuous—not a 
quantized—frequency glide; similarly it gives a more gradual 
amplitude change. But it is also preferable for the waveshape 
oscillator—in this case,as in other cases with glissandi or 
other frequency modulations , round off errors with 0SC 
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(c.f., M. V. Mathews^ The Technology of Computer Music > o 
MIT Press, 1969, p,13^) are specially noticeable because 
the corresponding noise goes on and off, diminishing when 
the frequency is such that the sum of increments (the 
abscissa) is close to an integer value. 

To get continuously descending glissandos, one could 
compute an entire descent of many octaves; it is more 
economical to compute one cycle (i.e., one octave) and use 
the computer to copy these samples successively as many times 
as desired. However, due to the errors mentioned above, one 
has to inspect the samples and choose to make the concatenation 
at a point which will give no appreciable discontinuity in 
either frequency, amplitude, and waveform. 
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rOMMrM-.rNDL'^SS ralSSANDl WITH ? los; 

roMM^NT: TAOP M1913; 

rn»*Mf nt:cYCLF duratiok* ip s ic componems; 

TNs 0 i;rns p5 p? 83 r? Ps.Tas ps p7 94 F3 *> 9; 

IDS P3 R4 B5 P25;ou7 PS Bi;rND; 

C3MMENT:Tr SE'»- r7ENEPAL CONVT; SV2 0 10 2 6 -7; 
Sia 0 4 lOCOO; 

0 2 11 i;gem 0 7 2 c;gen.o 7 3 -lo; 

NOT 1 1 14 R5C 7SC0 120.ro 0 o; 

NOT 1 1 14 850 3900 120.00 51.1 51.i: 

NOT 1 1 14 850 3900 120.00 102.2 102.2; 

NOT 1 1 14 850 3900 120.00 153.3 153.3; 

NOT 1 1 14 850 *»9C0 120.CC 204.4 204.4 ; 

MOT 1 I 14 850 3900 120.00 255.5 255.5: 

NOT 1 1 14 850 39CC 120.00 30C.5 30S.6; 

NOT I 1 14 850 3900 120.00 357.7 357.7; 

NOT 1 1 14 850 79C0 120.00 408.8 408.8; 

NOT 1 1 14 850 3900 120.00 459.9 453.9; 

TEP ir; 
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This run is related to #513* hut here, while the 
components frequencies go down, the center of gravity of 
the frequency distribution goes up (instead of staying 
approximately invariant as in #513), so that the sound goes 
down 3 octaves while becoming shriller—and that it ends up 
much higher than it started. 

The basic instrument is similar to that used in #513, 
except that here an 
instrument comprises 
five such units, each of 
which gives one frequency 
component; so only two 
note cards are required to 
get the 10 components of 
the sound. Functions PI, F2, and F3 are the same as those 
used in #513* The initial sums are defined in the same way. 

While the component frequencies go down, the spectral 
envelope goes up because the duration of the entire frequency 
cycle (given by P8~60s) is longer than the duration of the 
entire amplitude cycle (given by P7=30s). (This may be 
easier to understand by examining what happens to the initial 
spectral configuration of #513 when the amplitude Increment 
is larger than the frequency Increment.) If the process was 
allowed to continue longer, the peak of the spectral distri¬ 
bution would continue to be translated towards the highest 
frequencies and then it would Jump to the lowest frequencies 
and resume its translation upwards. 


P’3- PV P’6 Pi 




CnMMeNTtTaNftLITY GOES nQWN TOME HEIGHT GOES UP; 
COHMEN'f rOL'PftTTOK lb S FPEQUENXY CYCLE 6 S; 

cnMMENTrTipr M 2334 rzL^ ‘?;ge^i o 5 4; 

INS 0 I; 

OSC P5 P7 37 Pl0;nsc P6 ®8 83 F3 PlUIOS 82 83 

OSC P5 P7 B4 *^? Pl2:nSC P6 P8 35 F3 P12;i05 BM 85 

nsc 05 c»7 BE P14;7SC PS ”8 87 F3 PISJIOS 36 87 

OSC P5 07 «p «^2 P16;asc FB P8 39 F3 P17;I0S 88 89 

OSC P5 P7 810 F2 ?18;nSC P6 P3 Bll F3 Pli-TOS 310 
OUT p1c 81;CNO; 

sia c 4 mono: 




82 FI P30:QUT 82 81 
84 FI P29;0tT B4 B1 
86 FI P28:QUT B6 B1 
38 FI P27:0tT B8 B1 
Bll 810 FI P26; 


GEM 0 2 1 1 1 ;GEr. 0 7 2 n;GrN C 7 3 -10-; 

COMMENTIFREGUENCY CYCLE 6 S AWPLITUOE CYCLE 3 S: 

NOT 1 1 IP SOC 4CC0 3C BP 0 0 0 51.1 SI.1 102.2 102.2 153.3 153.3 

204.4 704.4: 


mot 1 1 18 500 40CO 30 6C 0 255.5 255.5 3C6.6 306.6 357.7 357.7 
408.3 400.0 45'j.9 459 . 9 ; 
tfp ?r: 

C CONVT oq.jK C JNf L I T CHR OM A HAUTEUR BRUTE 

SUOorjUTTNE CONVT 
POM'-G"’ IP( 10) #P( 100) ,S{ 1000) 

IF(P( 1) .ME . 1. )oriTnir}o 
FrSll. /^'(4 ) 

P(F ) = F»P(B) 

P(7)rF/o(7) 

PC8)=F/P(3) 
lOP RETURN 
FMP 



#515 


This run presents sounds whose tone height goes up 
(or down) continuously, without octave jump, while their 
tonality remains invariant (in this case corresponding to 
a B). This is achieved by having fixed frequency octave 
components whose spectral envelope is translated as in #514, 

Instrument #1 is used for each of the 8 components of 

the sounds. It is 

diagrammed here. The 

component frequency 

is given by P6; all 

components are in 

octave relation. For 

each component, the 

initial sum is specified 

in P8; the value of these sums for the different components 

12 Q 

are close to, respectively, 0, ^><5115 ^><511, ...5 

Each sound lasts 5s, which corresponds to less than an entire 

amplitude cycle. 

In the 1st section, function F2 is a single peak bell¬ 
shaped curve with 8^db difference between peak and end points 
ordinates (c.f., description of GEN7). 

In the 2nd section, function F2 is a single peak bell¬ 
shaped curve with ^2db difference between peak and end points 
ordinates (for this section and the two which follow, c.f., 
description of GEN8). 
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#515 

- 2 - 

In the 3rd section, function F2 Is a double peak bell¬ 
shaped curve—hence the repetition of the pattern. 

In the 4th section, function P2 is a triple peak bell¬ 
shaped curve. 

Note: effects similar to those obtained here can probably 

be obtained more economically, if not as conveniently and 
precisely, through the use of PLT. This remark also applies 
to #516. 
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r f^M^pr. X • copr JO/VL F. ^4\/F. L f^ANSLATlUN FDR OCTAVF COMPONENTS* 

rq|MM^^ T:F Txrn F^L GU£ ?‘'*I F; 

c:T^or ib%j ftl*’ ?igen o s ii 

R3 Pf^ R5 FI P25;CtT 83 BlItNDS 

SV 2 P 10 1 6 ; 

f^FAK 8 ^ DB AMBITLSSGEN 0 7 2 OS 


:ns 

0 

1 : 

nsc 

r? ?3 f" 2 08SCJS.C 

rr^ 

0 

4 

1 0 0 s 


M : 

j '■» c r T 

■•CMPftL rpfjvTS 

CIEN 

n 

7 

1 I IS 


rpj^Mp M : 

A K F L T 

L'.':'. ru^CTirN CKC 

NOT 

1 

1 

A 

S 

3 5 •C0 7K. 128; 

»m T 

1 

1 

c, ti r •'x 

:5 .50 7 IF 1^2: 

NOT 

1 

1 

S 0^'^ 

12 0 . 0 0 1F 7 5 7 ; 

^nj 

1 

1 

C C; r. 

2^r .COMF. TZ'^S 


1 

1 

7 A 

4:r, .cn7i6 384; 

••OT 

1 

1 

r ^ * 

ore .cnTir 44'^; 

rOT 

1 

1 

s 

i .;2 3 . 00 71 r 0 ; 

MO J 

1 

1 

C t A f 

::.5 4C .CP? IP c4; 

‘'F'* 

i: 




roMp^p f 

.T ; 

» ^ - {J r 

\Y A'-‘FTTUS 42 Cia: 

NOT 

\ 

l 

c S A A 

3'. . 00 7 1 3 128S 

»TT 

\ 

J 

r ri r- 

r.c .c.u7 3C 1S2; 

M nT 

i 

1 

S 

l.C .G07 k^ 25c; 

^:rT 

1 

1 

c »■ r '1 

rs-t ..■r7ir- 32''-: 

NHT 

1 

1 

S 50" 

'i7?> .007 13 334 ; 

rn'" 

1 

1 

c ». .. ^; 

^ 5 c . C C 7 K 4 4*’; 

MOT 

1 

1 

c A '' 

1 ;?-■ .O'!?!' 0 : 

NOT 

1 

1 

r srr 

: .J 5 .C07 1P 0*^; 

FFC 

7: 




f n u M S' f-. J 

!T.-} 

4* -rJ T Tl.s 4 7 0 : 

MrVT 

l 

l 


'5 . 37 nc 128S 

not 

1 

1 

- r p f. 

.00-^17 1'j2: 

N? T 

1 

1 

:-. ^ A A 

125 .57716 253 ; 

mot 

1 

1 

r r A A 

7-^r .5 57 IF 32 7; 

NOT 

1 

1 

c, A 

4:>5 .0071F 364; 

»'nT 

1 

1 

c J, r P 

OCo .C071F 44^^; 

NOT 

i 

1 


1323 .00715 0 ; 

NOT 

] 

1 

r, .1 

' 2 4 5 . 5 0 7 1 r 0 4 ; 

St'* 

7 

; 



coMrp t T 

: 7 ^ 

f'C. AK5 AMBITfS 

NOT 

1 

1 

s :• 

35 .057 1k 12 s ; 

fc'n T 

1 

1 

r- ^ 0 

c5 .0C715 192 ; 

NOT 

1 

1 

S 

17,5 .OC^IG 2 5a; 

vnT 

! 

1 

r r A r. 

:>uc .f.CTlP 32r; 

NOT 

1 

1 

D 300 

450 .0071& 384; 

»'0T 

1 

1 

c r,r{', 

c: L . c c 7 1F 4 4 ; 

NOT 

1 

l 

c t;oA 

1-20 .00 715 n; 

up I 

1 

1 

r A 

^: n c . c c 7 1 s 8 4; 

TPQ 

7 

; 




C F. 


r 8 2 1; 
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1516 


This run presents sounds of variable spectrum; the 
variation of spectrum is achieved by translating (as in ^51^) 
the spectral envelope of fixed frequency components. 

The Instrument used, is the same as in #515. However, 

10 frequency components are used Instead of 8, and here they 
are not in octave relation. 

In the first 3 sections the frequency components form a 
harmonic series: 

(1) In section 1, function F2 is a single peak bell-shaped 
curve with 42 db difference between peak and end points 
ordinates (For the amplitude controlling functions of 
this run, c.f., description of 1SN3). 

(2) In section 2, F2 is a double peak bell-shaped curve. 

(3) In section 3> F2 is a triple peak bell-shaped curve. 

In the last 3 sections the frequency components are not 
harmonically related.: 


(i*) 

In 

section 

1|, F2 

is 

as 

in 

section 

1. 

(5) 

In 

section 

5, F2 

is 

as 

in 

section 

2. 

(6) 

In 

section 

6, F2 

is 

as 

in 

section 

3. 


See 

note at 

the 

end 

of 

#515. 




iff 5-46 

rGMM?:^T rVARIA'^i./ ^,^CC1RU*' Sf"L'WDS THROUGH SPECTRAL ENVELOPE TRANSLATION; 
COMKFMTrr IR3T THEM INHARKONIC FREGIENCIES; 

COMMENT ITApr 

I^?s 0 i;o^c ?7 -i? r2 fp:psc b5 pg 32 fi p25:cut 33 bi;eno; 

STA 0 u locnc: 

ro^MpniT- -ri ':L\Efi&L crNji: sv 2 0 ic 1 b; 

GEN n 7 1 1 li 

cnMMrN*f tmapm-k fPE qle ncie^ : . 


COMMENT : 

A‘ 

'PL i 

Tuor TUNCTION ONE PEAK 42 DB AMaiTUS;GEN 0820 

NOT 

1 

1 

7 

sro 

Z f;o 

r 

c; 

NOT 

1 

1 

y 

500 

4 )0 

• 0? 

51 • 1 ; 

not 

1 

1 

7 

Sf'C 

r CO 

. p? 

ic;2.2: 

NOT 

1 

1 


SCO 

300 

. 0? 

1 2.2; 

NOT 

1 

1 

7 

ECO 

icoc 

. c? 

204.4; 

NOT 

1 

1 

3 

500 

1200 

.0? 

255.5 ; 

not 

1 

1 

7 

5 r ) 

1 4 0 C 

r -« 

• ^ 

5CP.E ; 

NOT 

1 

1 

3 

500 

i:cc 

• 0? 

’5^.7; 

not 

1 

1 

7 

5 n 0 

IMC 

.02 

405.®; 

NOT 

SFC 

1 

1 

3 

50 0 

2000 

. o-’ 

453.i; 


comment:t'w? p*^axs;gen j p 2 i; 


NOT 

1 

1 

7 

5^0 

P \j ' * 

r" ^ 

r; 

NOT 

1 

1 

3 

50 0 

4 0 0 

. 0? 

•j 1.1 ; 

not 

1 

1 

7 

c n p 

coc 

.07 

102.?: 

NOT 

1 

1 


500 

30 0 

.0? 

15 3.3 


MQT 

1 

1 

7 

SCO 

ICCC 

.or 

204.4 


not 

i 

1 

7 

soc 

12C0 

. 0? 

255.5; 

not 

1 

1 

7 

500 

1 4 0 C 

.C2 

3t O. G ; 

NOT 

1 

1 

7 

5«" 

15 00 

. 0 2 

357.7; 

not 

1 

1 

7 

50C 

1 E C C 

.0? 

4 r .«.<>: 

not 

1 

1 

3 

500 

2000 

. 0? 

4 s ?. 1 ; 

SFC 

5 

! 






comment: 

THRFE 

PE AK 

5 •'j c 

'i 0 9. Z 

not 

1 

1 

7 

5 00 

2 00 

.02 

0; 

not 

1 

1 

3 

500 

4 00 

.0? 

51. i; 

NOT 

1 

1 

7 

500 

ecc 

. c? 

102.7 


NOT 

1 

1 

7 

500 

200 

. 0? 

15 3.: 


Mp T 

1 

1 

7 

5 0 0 

lOOC 

.02 

2 r u . 


NOT 

1 

1 

7 

500 

1200 

0 

”>55.3 


r:nT 

1 

1 

7 

5 00 

1 4CC 

.C2 

3C5.0 


NOT 

1 

1 

7 

50P 

1500 

.07 

35 7.7 


NOT 

1 

1 

7 

5 00 

1 ^ c c 

.02 

UCP. 0 


NOT 

1 

1 

7 

SOO 

20 00 

.O’’ 

453.3 


SEC 

5 

; 






COMMENT: 

r- 

4.4 A-’M 


r Pr 

'JlIENCIES 


comment:a^^pi T TLicr ruf.cir-N one ^eak u2 db akbitls;gen 0 8 2 0; 


NOT 

1 

1 

3 

5 2'> 

S'' • 02 

^55. ; 

not 

1 

1 

3 

5 5 C: 

23<; .2? 

4 5 -4.3 ; 

NOT 

1 

1 

3 

r •■» 

3 1 S ■ . 0 

305.i ; 

not 

1 

1 

3 

5 v*' 5 

• 5 2 .07 

204,4; 

NOT 

1 

1 

7 

son 

750 .02 

10?.2: 

not 

1 

1 

3 

:• r ,y 

J • '' 

? C .22 

0; 

NO'T 

1 

\ 

3 

^ r> 0 

1400 .0 

^ IS 3.3; 

NOT 

1 

1 

7 

5 0'- 

2 5 C C .0 

2 3 *' 7. : 

NOT 

1 

T 

7 

50 0 

J700 .0 

? 403.0; 

SEC 

f ; 






C HMMrM 

T • 

Tw 

'] ;k " ; 'jE n 

j A 2 1; 

NOT 

1 

1 

7 

E r 0 

r . c r 

^ t. r • 

c .rf • J • 

NOT 

1 

1 

7 

5 0 0 

^ 

4 -i ' • ' « . 

4 ‘j 9 . J: 

NOT 

1 

1 

7 

SO' 

3r: .02 

ior . i; 

NPT 

1 

1 

3 

5 r 7 

0 sc .02 

2 f 4,4 ; 

NOT 

1 

1 


5 ' C 

75- .02 

1 0 > • 2 : 
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MOT 

1 

1 

z 

500 

j3o .o?.o; 

MOT 

1 

1 

7 

500 

moc .02 1S3*’; 

NOT 

1 

1 

3 

500 

2500 .02 357,7; 

MCT 

1 

1 

7 

500 

3 7 0 C . C 2 4 r. 8 . 3 ; 

SEC 

S 

' 




CnMMF N'T 

ITHPEE 

t^EAKS.’GCM 08 2 

NOT 

1 

1 

3 

500 

SO .02 ?55.5;. 

not 

1 

1 

7 

5 00 

230 .02 459.9; 

NOT 

1 

1 

7 

500 

315 .02 308.3; 

MOT 

1 

1 

7 

500 

CSC .C? ?04.4; 

not 

1 

1 

7 

500 

75C .0? 102.2; 

MOT 

1 

1 

3 

SCO 

930 .02 0 ; 

MOT 

1 

1 

7 

500 

1400 .0? 153.3; 

MOT 

1 

1 

3 

50c 

25CC .02 357. *»; 

NOT 

1 

1 

7 

500 

3700 .02 408.3; 

Trp 

c 

: 
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This example presents a fragment obtained by mixing from 

t- 

runs #510, 511, 513 to 516 ( and a couple of other similar runs 
The original sounds underwent only transpositions by speed 
changing before mixing (except for the sound analagous to the 
one presented in #514, which was artificially reverberated by 
means of an EMT metallic plate—a similar reverberation could 
have been performed by computer). 

The remarks mentioned by #512 also apply here. 



#550 

This run presents an attempt to prolong harmony into 
timbre: a chord, played with a timbre generated in a way 
similar to ring modulation,is echoed by a gong-type sound 
whose components are the fundamentals of the chord. The 
latter sound is perceived as a whole rather than as a chord, 
yet Its tone quality is clearly related to the chord's harmony. 
The passage is as follows: 



.r -4 I t (.^ 


Instrument #1 is used to generate the notes of the chord, in 
a way similar to a ring fV 




modulator combining the 
outputs of a sine wave 
and a square wave oscillator. 
Low values have to be used 
for the amplitude inputs P5 and 
P7, since the resulting * 

maximum amplitude will be ~ 

of the order of P5 x py. p. 

The dominant frequency of a 


note played with this 



P7 Pg 




instrument is the difference between P8 and P6. Function P3 
contiols the envelope of the sine wave component, hence the 


A- 



#550 
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envelope of the note; this modulation at the same time produces 
spectrum changes. Notes of the chord are first played with a 
short (10 ms), percussive attack, then with a cresc-decresc 
type envelope. 

Instrument #2, used for the gong-like sound, is similar to 
instrument #1 of #^20: there is one note card for each 
frequency component; the waveshape is a sine wave; each component 
is decaying exponentially at its own rate. As was mentioned 
earlier, the frequencies of the components are equal to the 
frequencies of the notes of the preceding chord. 



!» TI n.N TF HftS“ONY INTO TIMBRE; 


if SS-0 


INS 0 1;fmv P5 F7, S'' "S PIO Pll P30:0';c dZ P6 33 El P23; 


s^r. P7 pfi 3'4 "^2 p23;mlt oj p,4 b3;cut b3 bi;eno; 

rN«: 0 ?;nsc ps 07 f 4 P 3 o;asc 83 p 6 33 fi p29;out 33 ei;ENo; 

rpMMFMrTP FFT ''FKCPaL CPNVT; 

FV2 p IP 3 3 <> IPp; 

EV? C 2P 2 F - 7 ; 

GEN P 2 1 I 1: 

GE'i P 3 2 0 in jr IP JO JO 0 -10 -1C -1C -1C -10 0; 

•SEN o C 3 IP .07 .79 10; 

'-rv 0 7 4 -o; 

VOT .0 1 . r, n 424 14 1000 .01 0 . G J 

VOT .C 1 ,c; ja 777 jp joro .01 C .6 1 

PPT .7 1 3.G Ifi 424 1? 1000 2.3 0 I.p; 

►•OT .5 1 .F 1® 1542 IS 2000 .Cl 0 .Gr 

NPT 1 1 3.5 IP 7'»P 1.3 1000 3.2 0 l.p; 

NOT 1.1 1 .c jp 117F 13 7000 .01 0 .G? 

»"PT 1.3 1 3.2 1” 154P Ifi 2000 1.3 0 I.’.* 

NOT 1.4 1 .F, 1C 1 342 18 2000 .01 0 .E : 

V7T 1.5 1 3 1" 1136 18 2000 1.3 0 l.P; 

f'lOT 1 .P 1 2.3 IP 1 30 2 IS 20 00 1.4 0 1 .? I 

; TI Mg7P ECMP TO PRPVT0U5 HARMONY; 

NfJT 4 2 IP 4pp 233 iPiNO" 4 2 7.3 20 c 455 7.5 : 

VST 4 7 4.5 200 575 4.5:nOT 4 2 &.5 150 S48 G.S: 

Nn3^ 4 2 4 1 '•p ce,4 4; 


TPO 17; 




